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RULES  AND  REGULATIONS 


Title  40 — Protection  of  Environment 

CHAPTER  I — ENVIRONMENTAL 
PROTECTION  AGENCY 

PART  87 — CONTROL  OF  AIR  POLLUTION 
FROM  AIRCRAFT  AND  AIRCRAFT  ENGINES 

Emission  Standards  and  Test  Procedures 
for  Aircraft 

Section  231  of  the  Clean  Air  Act,  as 
amended  by  Public  Law  91-604,  directs 
the  Administrator  of  the  Environmen¬ 
tal  Protection  Agency  to  “establish 
standards  applicable  to  emissions  of  any 
air  pollutant  from  any  class  or  classes  of 
aircraft  or  aircraft  engines  which  in  his 
judgment  cause  or  contribute  to  or  are 
likely  to  cause  or  contribute  to  air  pol¬ 
lution  which  endangers  the  public  health 
or  welfare.”  Regulations  ensuring  com¬ 
pliance  with  these  standards  are  required 
to  be  issued  by  the  Secretary  of  Trans¬ 
portation  in  accordance  with  section  232 
of  the  Act. 

Section  231  also  directs  the  Adminis¬ 
trator  to  conduct  a  study  of  the  extent 
to  which  aircraft  emissions  affect  air 
quality  throughout  the  United  States, 
and  the  technological  feasibility  of  con¬ 
trolling  such  emissions.  The  report  of 
such  a  study,  “Aircraft  Emissions:  Im¬ 
pact  on  Air  Quality  and  Feasibility  of 
Control.”  has  been  published  and  copies 
of  the  report  are  available  upon  request 
free  of  charge  from  the  Office  of  Public 
Affairs,  Environmental  Protection 
Agency,  Washington.  D  C.  20460. 

On  December  12.  1972,  a  notice  of 
proposed  rule  making  was  published  in 
the  Federal  Register  (Volume  37,  Num¬ 
ber  239)  which  described  standards  limit¬ 
ing  emissions  from  aircraft  and  aircraft 
engines.  As  required  by  section  231  of 
the  Act,  the  Administrator  held  public 
hearings  with  respect  to  the  proposed  air¬ 
craft  emission  standards.  One  was  held 
in  Boston,  Massachusetts,  on  January  29, 
1973,  and  another  in  Los  Angeles,  Cali¬ 
fornia  on  February  6,  1973.  Testimony 
was  presented  at  these  hearings  by 
tw’enty-two  representatives  of  domestic 
and  foreign  manufacturers  and  operators 
of  aircraft  and  aircraft  engines  and  other 
interested  parties.  Additional  detailed 
comments  were  provided  subsequent  to 
the  hearings  by  thirty-one  organizations. 

Consideration  has  been  given  to  all 
relevant  material  presented  and  a  num¬ 
ber  of  amendments  have  been  made  to 
the  regulations  as  proposed. 

Changes  have  been  made  in  the  engine 
classification  system.  A  separate  class 
was  created  for  turboprop  engines  be¬ 
cause,  after  considering  the  comments, 
the  proposed  equivalency  between  shaft 
horsepower  and  jet  thrust  was  not  consid¬ 
ered  acceptable  for  all  operating  condi¬ 
tions  over  the  landing  take  off  (LTO) 
cycle.  Except  for  the  creation  of  special 
classes  for  the  JT3d  and  JT8D  engines, 
which  was  done  in  order  to  require  smoke 
retrofits  on  separate  schedules,  turbine 
engines  over  8,000  lbs.  thrust  which 
power  subsonic  aircraft  have  been  put 
into  one  class.  This  over-8,000  lbs.  thrust 
class  represents  essentially  all  turbines 
used  In  commercial  air  transportation, 
except  for  the  supersonic  aircraft  to  be 
^  Introduced  during  the  next  few  years. 


Based  on  testimony  and  comments  dur¬ 
ing  the  public  hearings,  the  engines 
w'hich  power  supersonic  transport  air¬ 
craft  are  not  technically  capable  of 
achieving  as  low  emissions  levels  as  other 
large  turbine  engines  by  using  equivalent 
combustor  design  technology.  The  rea¬ 
sons  for  this  include  the  following: 

(1)  Some  such  engines  employ  after- 
bm-ners  for  thrust  augmentation  during 
take  off  and  acceleration  at  cruising 
speeds.  This  type  of  device  involves  com¬ 
bustion  at  relatively  low  pressures  in  the 
engine  tailpipe  and  consequent  greater 
loss  of  hydrocarbons  and  carbon  monox¬ 
ide  to  the  atmosphere. 

(2)  All  such  engines  known  to  EPA 
operate  at  compressor  ratios  much  lower 
than  engines  designed  for  subsonic  air¬ 
craft.  This  means  that  at  low  speed,  low 
altitude  conditions,  where  the  “ram” 
pressure  rise  is  small,  these  engines  bum 
more  fuel,  and  hence  emit  greater  total 
quantities  of  hydrocarbons  and  carbon 
monoxide  than  do  the  high  pressure  ratio 
subsonic  engines.  Comments  demon¬ 
strated  that  this  is  a  necessary  design 
tradeoff  to  ensure  that  these  engines 
achieve  maximum  efficiency  (best  possi¬ 
ble  fuel  consumption)  throughout  a  com¬ 
plete  flight. 

( 3 )  In  addition,  the  supersonic  engines 
do  not  employ  the  high  bypass  ratio  tur¬ 
bofan  principle  which  contributes  to  the 
excellent  fuel  economy  and  low  pollutant 
emission  capability  of  the  engines  which 
power  most  large  subsonic  engines,  since 
the  relatively  large  diameter  (or  frontal 
areas)  of  this  type  of  engine  would  cause 
excessive  aerodynamic  drag  in  aircraft 
flying  at  mach  2-3  flight  speeds. 

A  separate  class  has  been  established 
for  engines  which  power  supersonic  air¬ 
craft.  Exhaust  emission  standards  for 
this  class  will  be  based  on  the  best  avail¬ 
able  combustor  design  technology  ex¬ 
pected  in  1979  and  later,  but  with  due 
consideration  for  the  inherently  higher 
emission  characteristics  of  supersonic 
aircraft  engines  under  landing /takeoff 
cycle  conditions,  as  discussed  above. 
These  standards  will  represent  the  same 
level  of  emissions  reduction  from  cur¬ 
rent  supersonic  aircraft,  through  applica¬ 
tion  of  the  same  types  of  combustor  de¬ 
sign  technology,  as  will  be  required  of 
subsonic  aircraft,  though  the  absolute 
hydrocarbon  and  carbon  monoxide  levels 
will  be  several  times  higher.  Standards 
will  be  proposed  for  this  class  of  engines 
within  60  days. 

Consideration  will  also  be  given  to  de¬ 
velopment  of  ground  handling  proce¬ 
dures  specifically  applicable  to  supersonic 
aircraft  which  would  further  reduce 
their  inherently  greater  pollution  char¬ 
acteristics  during  operations  at  large 
metropolitan  airports. 

It  is  recognized  by  the  EPA  that  poten¬ 
tial  problems  have  been  identified  relat¬ 
ing  to  upper  atmosphere  effects  of  su¬ 
personic  aircraft  and  to  a  lesser  extent 
subsonic  aircraft  operations.  The  work 
in  progress  under  the  Department  of 
Transportation  Climatic  Impact  Assess¬ 
ment  Program  will  be  closely  monitored 
by  the  EPA,  in  order  that  the  present 
regulations  can  be  adjusted  if  necessary. 


The  present  regulations  are  based  on  the 
need  to  control  emissions  occurring  under 
3,000  feet,  to  protect  ambient  air  quality 
in  urban  areas. 

The  effective  date  for  the  completion 
of  the  JT3D  smoke  control  retrofit  has 
been  delayed  until  1978  to  allow  time  for 
the  development  of  the  necessary  new 
combustor  components.  This  deferral  is 
based  upon  the  manufacturers’  com¬ 
ments  that  the  additional  time  is  neces¬ 
sary  to  solve  problems  relating  to  com¬ 
ponent  durability. 

The  proposed  1976  standards  applica¬ 
ble  tc  'carbon  monoxide  and  hydrocarbon 
emissio*  from  newly  manufactured  tur¬ 
bine  engines  have  been  deleted.  Deletion 
of  the  1976  standards  is  based  upon  the 
manufacturers’  comments  that  insuffici¬ 
ent  lead  time  is  available  to  allow  intro¬ 
duction  of  changes  in  all  newly  manu¬ 
factured  engines  to  achieve  these  levels 
by  that  date.  To  relax  the  standards  to 
levels  which  could  be  achieved  this 
quickly  would  eliminate  any  useful  im¬ 
pact  which  they  might  have  on  ambient 
air  quality.  It  was  concluded  that  efforts 
could  be  more  effectively  directed  toward 
achieving  substantially  greater  emissions 
reductions  than  those  proposed  at  a  later 
point  in  time,  i.e.,  1979. 

Following  a  detailed  study  of  the  com¬ 
ments  plus  consultation  with  the  Na¬ 
tional  Aeronautics  and  Space  Adminis¬ 
tration  and  the  Air  Force,  the  originally 
proposed  1979  standards  applicable  to 
gas  turbine  engines  have  been  revised 
to  become  essentially  equivalent  to  emis¬ 
sion  levels  being  used  as  design  goals 
by  these  two  agencies  in  planned  and 
current  research  and  development  proj¬ 
ects.  A  new  set  of  standards,  applicable 
to  newly  certified  large  engines  only,  has 
been  set  for  January  1,  1981,  to  reflect 
the  introduction  of  the  same  types  of 
advanced  combustor  design  technology 
originally  expected  in  1979.  TTie  tech¬ 
nology  necessary  to  meet  these  1981 
standards  is  in  an  early  development 
stage.  EPA  intends  to  monitor  closely 
the  development  of  this  technology 
through  programs  sponsored  both  by 
other  federal  agencies  and  by  industry. 
If  it  should  become  evident  that  the 
standards  as  promulgated  cannot  be 
achieved  by  the  technology  approaches 
explored  in  these  programs,  additional 
rule  making  action  will  be  considered  to 
ensure  that  the  best  technology  avail¬ 
able  is  reflected  in  the  standards.  These 
two  changes  respond  to  the  many  com¬ 
ments  received  which  stated  that  the 
emissions  reductions  originally  proposed 
for  1979  could  not  be  achieved  this 
quickly  using  currently  known  technol¬ 
ogy.  It  is  estimated  that  approximately  6 
years  are  needed  to  translate  combustion 
research  findings  into  production  en¬ 
gines  which  are  fully  certified  and  flight 
tested  for  safe  usage  in  aircraft. 

The  method  for  specifying  smoke  lim¬ 
its  has  been  changed  to  reflect  a  sliding 
scale  of  values  chosen  to  be  proportional 
to  thrust  for  engines  to  be  produced  after 
1979.  It  now  represents  a  more  flexible 
approach  than  specifying  an  absolute 
number  for  an  entire  class  of  engines 
and  is  fundamentally  soimder  for  appli¬ 
cation  to  future  engine  designs  whose 
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thrust  characteristics  are  not  known 
now.  This  change  will  better  ensure  that 
the  actual  visibility  characteristics  of  the 
exhaust  plumes  from  newly  designed  en¬ 
gines  are  within  limits  consistent  with 
protection  of  the  public  welfare,  i.e.,  pro¬ 
tection  of  visibility  and  personal  well¬ 
being. 

The  proposed  standards  controlling 
crankcase  emissions  from  piston  engine 
aircraft  have  been  deleted  because  it  has 
been  concluded  based  on  comments  re¬ 
ceived  that  introduction  of  these  sys¬ 
tems  could  induce  safety  hazards  and  in 
any  case  would  provide  relatively  little 
reduction  in  emissions.  The  exhaust 
emissions  standards  applicable  to  piston 
engines  have  been  retained  as  proposed, 
effective  for  engines  produced  after  De¬ 
cember  31,  1979,  to  allow  needed  addi¬ 
tional  time  for  development.  In  addi¬ 
tion,  comments  expressed  concern  over 
the  safety  of  the  measures  expected  to 
be  used  by  the  manufactiu'ers  of  such 
engines  to  achieve  the  standards.  There¬ 
fore,  the  EPA  will  monitor  closely  the  de¬ 
velopment  of  the  technology  necessary  to 
meet  these  1980  standards.  If  it  should 
become  evident  that  the  standards  as 
promulgated  cannot  be  achieved  at  that 
time  by  design  techniques  which  are  safe 
and  in  other  respects  airworthy,  addi¬ 
tional  rule  making  action  will  be  con¬ 
sidered  to  ensure  that  the  best  technology 
available  is  reflected  in  the  standards. 

Many  comments  were  received  asking 
that  EPA  develop  suitable  correction  fac¬ 
tors  for  differences  in  ambient  tempera¬ 
tures,  pressures  and  humidity  levels  at 
locations  where  emissions  testing  would 
be  carried  out.  The  EPA  is  in  agreenient 
with  the  need  to  develop  such  factors,  so 
as  to  allow  for  these  influences,  as  is  done 
In  other  EPA  standards  applicable  to 
highway  vehicles.  Projects  are  being 
started  to  define  these  relationships  so 
as  to  allow  introduction  of  suitable  cor¬ 
rection  factors  as  soon  as  possible. 

In  addition,  the  final  rules  contain 
other  technical  amendments  and  clari¬ 
fying  modifications  to  the  testing  and 
measurement  procedures. 

A  number  of  additional  basic  criti¬ 
cisms  of  the  proposed  regulations  were 
considered  in  the  analysis  which  led  to 
the  revised  standards,  but  were  rejected 
for  the  reasons  identified  below: 

Some  commenters  pointed  out  that 
the  timing  of  the  initially  proposed 
standards  was  too  late  to  be  of  any  value 
to  the  states  in  their  Implementation 
plans  aimed  at  meeting  ambient  air 
quality  standards  by  1975.  However,  con- 
sideVation  of  other  comments  presented 
at  the  hearings  plus  information  on  the 
availability  of  emission  reduction  tech¬ 
nology  in  the  study  accompanying  the 
proposal,  and  consideration  of  the  lead 
time  necessary  to  introduce  such  tech¬ 
nology  into  manufactured  products  and 
certify  them  for  safety  considerations, 
made  it  impossible  to  design  standards 
to  achieve  meaningful  air  quality  reduc¬ 
tions  which  would  be  implemented  any 
sooner  than  the  regulations  now  specify. 

Several  commenters  recommended 
that  the  Ringleman  visual  system  for 


RULES  AND  REGULATIONS 

evaluating  aircraft  gas  turbine  smoke 
behavior  should  be  substituted  for  the 
indirect  filtration  system  described  in 
the  regulations,  to  facilitate  direct  cor¬ 
relation  of  the  method  used  to  certify 
engines  with  a  technique  which  could 
be  employed  for  enforcement  purposes. 
Unfortunately,  the  Ringleman  system  is 
not  suited  to  the  precise  evaluation  of 
engine  smoking  characteristics.  More¬ 
over,  during  test  cell  operation,  the 
plume  cannot  be  viewed  directly  and  its 
appearance  is  not  the  same  as  it  would 
be  under  tlie  conditions  of  altitude  and 
visual  contrast  which  exist  in  flight. 
Therefore  the  prescribed  Alter  reflec¬ 
tance  method  and  associated  sampling 
systems  have  been  retained. 

Some  commenters  felt  that  the  simu¬ 
lated  landing/take-off  cycle  used  as  a 
basis  for  the  numbers  derived  in  the 
standards  should  be  altered  to  make  it 
more  representative  of  an  average  LTO 
operatlwi  instead  of  reflecting  peak  traf¬ 
fic  times  at  metropolitan  air  terminals. 
This  comment  was  rejected,  since  the 
justification  for  the  aircraft  standards 
is  largely  based  on  protecting  air  quality 
in  and  around  large  metropolitan  air 
terminals  during  adverse  conditions.  The 
short  term  National  Ambient  Air  Quality 
Standards  (40  CFR  Part  50)  are  nc* 
written  to  be  exceeded  more  than  once 
per  year.  Thus  the  LTO  cycle  is  based 
on  typical  adverse  conditicwis.  . 

Several  commenters  recommended 
that  standards  not  be  set  at  all  for  the 
1979  and  later  period,  pending  the  de¬ 
velopment  of  technology  capable  of 
achieving  significant  known  emission 
reductions.  EPA  considers  that  the  pub¬ 
lished  standards  will  have  a  significant 
effect  on  stimulating  the  rate  of  progress 
of  technological  development  and  spur 
its  rapid  Introduction  into  flight  appli¬ 
cations.  The  standards  are  based  on 
NASA  and  Air  Force-sponsored  research 
already  in  progress,  as  well  as  engineer¬ 
ing  evaluations  sponsored  by  EPA.  The 
standards  reflect  reductions  from  pres¬ 
ent  emission  levels  resulting  from  modi¬ 
fied  designs  to  existing  engine  compo¬ 
nents  based  on  the  application  of  known 
control  technology.  It  should  be  empha¬ 
sized  that  the  standards  set  by  EPA  may 
reflect  teclmology  which  may  reasonably 
be  obtained  within  a  given  time  frame 
but  which  is  not  yet  available.  Section 
231(b)  of  the  Act  expressly  contemplates 
"development  and  application  of  the 
requisite  technology”  (emphasis  added). 

Commenters  representing  general  avi¬ 
ation  interests  opposed  the  introduction 
of  emission  standards  applicable  to  pis¬ 
ton  engine  aircraft,  on  the  groimds  that 
compliance  would  require  introductions 
of  exhaust  system  reactors  which  would 
have  drastic  and  costly  effects  on  the 
configuration  of  the  entire  aircraft.  The 
Agency  has  concluded  that  sufficient  evi¬ 
dence  is  already  available  in  the  form  of 
measured  emissions  data  on  current  air¬ 
craft  to  indicate  that  the  proposed  stand¬ 
ards  can  be  met  by  improved  fuel  man¬ 
agement  and  will  not  require  exhaust 
system  reactors. 

A  number  of  commenters  felt  that  the 
report  cited  in  the  preamble  to  the  pro- 
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posed  regulations  had  not  adequately 
demonstrated  a  compelling  need  for 
emission  standards  applicable  to  air¬ 
craft.  EPA  does  not  feel  that  the  mini¬ 
mal  evidence  offered  by  these  com¬ 
menters  in  support  of  their  claim  rep¬ 
resents  a  valid  basis  for  deciding  that 
aircraft  emissions  do  not  contribute  to 
air  pollution  endangering  health  or 
welfare  in  areas  surrounding  airports. 

A  new  Part  87  gf  Title  40,  Code  of 
Federal  Regulations,  is  hereby  adopted 
and  establishes: 

(a)  Fuel  venting  emission  standards 
for  new  and  in-use  aircraft  gas  turbine 
engines. 

(b)  Exhaust  emission  standards  for 
new  and  in-use  aircraft  gas  turbine 
engines. 

(c)  Exhaust  emission  standards  for 
new  aircraft  piston  engines. 

(d)  Exhaust  emission  standards  for 
new  aircraft. 

(e)  Test  procedures  applicable  to  air¬ 
craft  gas  turbine  engines  and  aircraft. 

(f)  A  test  procedure  applicable  to 
aircraft  piston  engines. 

In  judging  the  need  for  the  regula¬ 
tions,  the  Administrator  has  determined 
(1)  that  the  public  health  and  welfare 
is  endangered  in  several  air  quality  con¬ 
trol  regions  by  violation  of  one  or  more 
of  the  national  ambient  air  quality 
standards  for  carbon  monoxide,  hydro¬ 
carbons,  nitrogen  oxides,  and  photo¬ 
chemical  oxidants,  and  that  the  public 
welfare  is  likely  to  be  endangered  by 
smoke  emissions;  (2)  that  airports  and 
aircraft  are  now,  or  are  projected  to  be, 
significant  sources  of  emissions  of  car¬ 
bon  monoxide,  hydrocarbons,  and  nitro¬ 
gen  oxides  in  some  of  the  air  quality 
control  regions  in  which  the  national 
ambient  air  quality  standards  are  being 
violated,  as  well  as  being  significant 
sources  of  smoke;  and  therefore  (3)  that 
maintenance  of  the  national  ambient  air 
quality  standards  and  reduced  impact  of 
smoke  emissions  requires  that  aircraft 
and  aircraft  engines  be  subject  to  a  pro¬ 
gram  of  control  compatible  with  their 
significance  as  pollution  sources.  Accord¬ 
ingly,  the  Administrator  has  determined 
that  emissions  from  aircraft  and  aircraft 
engines  should  be  reduced  to  the  extent 
practicable  with  present  and  developing 
technology.  The  standards  proposed 
herein  are  not  quantitatively  derived 
from  the  air  quality  considerations  dis¬ 
cussed  in  the  study  report  cited  above 
but,  instead,  reflect  EPA’s  judgment  as 
to  what  reduced  emission  levels  are  or 
will  be  practicable  to  achieve  for  turbine 
and  piston  engines. 

In  general,  the  influence  of  the  regula¬ 
tions,  will  be  to  contribute  to  the  mainte¬ 
nance  of  the  quality  of  the  air  in  and 
around  major  air  terminals  throughout 
the  post- 1975  era  in  which  air  traffic 
is  undergoing  expansion.  The  timing  of 
these  standards  is  such  that  they  will 
not  make  contributions  to  achievement 
of  the  ambient  air  pollution  levels  re¬ 
quired  by  1975  through  the  state  imple¬ 
mentation  programs,  although  they  will 
influence  attainment  of  those  levels 
where  extensions  until  1977  are  granted 
for  the  ambient  standards. 
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The  total  cost  of  these  requirements 
to  the  airline  industry  is  estimated  at  141 
million  dollars  over  a  ten  year  period. 
Tiiis  represents  for  newly  designated 
commercial  engines  an  increase  in  cost  of 
at  most  3  percent.  All  equipment  costs 
(including  engines)  used  in  commercial 
air  transport  account  for  only  13  percent 
of  the  airline  ticket  dollar.  Thus,  it  is  be¬ 
lieved  that  imposition  of  the  schedule  of 
standards  set  forth  in  this  regulation  is 
too  small  to  have  any  impact  on  the  con¬ 
tinued  growth  of  air  transportation  in  a 
fashion  healthy  and  beneficial  to  the 
economy. 

The  standards  promulgated  for  piston 
type  aircraft  are  expected  to  result  in 
significant  fuel  savings.  (29  million  dol¬ 
lars  over  ten  years).  The  technology  ex¬ 
pected  to  be  used  to  achieve  1979  and 
1981  standards  for  turbines  is  not  ex¬ 
pected  to  result  in  fuel  consumption  pen¬ 
alties.  Similarly,  there  is  no  inconsistency 
or  conflict  presently  envisioned  between 
the  imposition  of  the  above  standards 
and  the  compliance  of  aircraft  with  noise 
control  regulations  during  the  same 
period. 

It  Is  intended  that  the  attainment  of 
any  standards  proposed  herein  not  result 
In  the  increased  emission  of  any  sub¬ 
stance  for  which  a  standard  is  not  pro¬ 
posed  if  such  emission  could  endanger 
public  health  or  welfare.  The  Adminis¬ 
trator  intends  to  remain  informed 
throughout  engine  and  aircraft  develop¬ 
ment  and  certification  programs  to  per¬ 
mit  him  to  determine  at  the  earliest 
possible  time  if  the  emissions  of  a  sub¬ 
stance  are  likely  to  endanger  the  public 
health  or  welfare.  Therefore,  the  Ad¬ 
ministrator  may  subsequently  publish  in 
the  Federal  Register  a  list  of  those  sub¬ 
stances  whose  emissions  are  liable  to  in¬ 
crease  as  a  result  of  the  installation  or 
Incorporation  of  any  system  or  com¬ 
ponent,  Including  fuel  additives,  designed 
to  enable  an  aircraft  or  aircraft  engine 
to  conform  to  any  prescribed  standard. 
In  the  event  such  a  list  of  substances  is 
so  published,  appropriate  testing  and 
sampling  methods  and/or  analytical 
techniques  will  be  proposed  under  the 
normal  rule  making  procedures  after 
consultation  with  the  Department  of 
Transportation. 

The  standards  contained  in  this  notice 
are  being  promulgated  after  consultation 
with  the  Secretary  of  Transportation  in 
order  to  assure  appropriate  consideration 
of  aircraft  safety.  However,  the  Depart¬ 
ment  of  Transportation  has  advised  that 
it  is  impossible  to  make  conclusive  judg¬ 
ments  as  to  the  effects  of  an  emission 
standard  on  aircraft  safety  until  engines 
designed  to  meet  that  standard  have  been 
developed,  constructed,  and  tested. 
Therefore,  there  will  be  continuing  con¬ 
sultation  on  this  issue  between  this 
agency  and  that  Department,  both  prior 
to  and  after  promulgation  of  the  stand¬ 
ards.  Should  the  Secretary  of  Transpor¬ 
tation  determine  at  any  point  that  an 
emission  standard  cannot  be  met  within 
the  specified  time  without  creating  a 
safety  hazard,  appropriate  modifications 


will  be  made  to  that  standard  or  to  its 
effective  date. 

( Section  231  of  the  Clean  Air  Act,  as  amended 
(42  U.S.C.  1857f-9) ) 

Dated:  July  6,  1973. 

Robert  W.  Fri, 
Acting  Administrator. 
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Authority:  Sec.  231  of  the  Clean  Air  Act, 
as  amended  (42  U.S.C.  1857f-9). 

Subpart  A — General  Provisions 

§  87.1  Dcfiiiitions. 

(а)  As  used  in  this  part,  all  terms  not 
defined  herein  shall  have  meaning  given 
them  in  the  Act: 

( 1 )  “Act”  means  the  Clean  Air  Act,  as 
amended  by  Public  Law  91-604. 

(2)  “Administrator”  means  the  Ad¬ 
ministrator  of  the  Environmental  Pro¬ 
tection  Agency  to  whom  the  authority 
involved  may  be  delegated. 

(3)  “Aircraft”  means  any  airplane  for 
which  a  U.S.  standard  airw'orthiness  cer¬ 
tificate  or  equivalent  foreign  airworthi¬ 
ness  certificate  is  issued. 

(4)  “Aircraft  engine”  means  a  pro¬ 
pulsion  engine  which  is  installed  in  or 
which  is  manufactured  for  installation 
in  an  aircraft. 

(5)  “Aircraft  gas  turbine  engine” 
means  a  turboprop,  turbofan,  or  turbojet 
aircraft  engine. 

(б)  “New  aircraft  gas  turbine  engine” 
means  an 'aircraft  gas  turbine  engine 
which  has  never  been  in  service. 

(7)  “New  aircraft  piston  engine” 
means  an  aircraft  piston  engine  which 
has  never  been  in  service. 

(8)  “In-use  aircraft  gas  turbine 
engine”  and  “in-use  aircraft  piston 
engine”  mean  an  aircraft  gas  turbine 
engine  or  aircraft  piston  engine  (as  ap¬ 
propriate)  which  is  in  service. 

(9)  “Newly  certified  aircraft  gas 
turbine  engine”  means  an  aircraft  gas 
turbine  engine  which  is  originally  type 
certified  on  or  after  the  effective  date  of 
the  applicable  emission  standard. 

(10)  “Rated  power”  means  the  maxi¬ 
mum  power/thrust  available  for  take¬ 
off  at  standard  day  conditions  as  ap¬ 
proved  for  the  engine  by  the  Federal  Avi¬ 
ation  Administration. 

(11)  “Standard  day  cemditions”  means 

standard  ambient  conditions  as  described 
in  the  United  States  Standard  Atmos¬ 
phere,  1962,  (i.e.,  temperature =59  F, 

relative  humidity- 0%,  and  pressure 

29.92  inches  Hg) . 

(12)  “Power  setting”  means  the  p>ower 
output  of  an  engine  in  terms  of  poimds 
thrust  for  turbojet  and  turbofan  engines 
and  shaft  horsepower  for  turboprop  and 
piston  engines. 

(13)  “Pound-thrust/hr.”  means  pounds 
of  thrust  for  1  hour. 

(14)  “Shaft  horsepower”  means  only 
the  measured  shaft  power  output  of  an 
auxiliary  power  unit,  turboprop,  or  piston 
engine. 
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(15)  “Auxiliary  power  unit”  means 
any  engine  installed  in  or  on  an  aircraft 
exclusive  of  the  propulsion  engines. 

(16)  "Class  Tl”  means  all  aircraft  tur¬ 
bofan  or  turbojet  engines  except  engines 
of  Class  T5  of  rated  power  less  than  8,000 
pounds  thrust. 

(17)  “Class  T2”  means  all  turbofan  or 
turbojet  aircraft  engines  except  engines 
of  Class  T3,  T4,  and  T5  of  rated  power 
of  8,000  pounds  thrust  or  greater. 

(18)  “Class  T3”  means  all  aircraft  gas 
turbine  engines  of  the  JT3D  model 
family. 

(19)  “Class  T4”  means  all  aircraft  gas 
turbine  engines  of  the  JT8D  model 
family. 

(20)  “Class  T5”  means  all  aircraft  gas 
turbine  engines  employed  for  propulsion 
of  aircraft  designed  to  operate  at  super¬ 
sonic  flight  speeds. 

(21)  “CSass  PI”  means  all  aircraft  pis¬ 
ton  engines,  except  radial  engines. 

(22)  “Class  P2”  means  all  aircraft 
turboprop  engines. 

(23)  “Taxi/idle  (in)  ”  means  those  air¬ 
craft  operations  involving  taxi  and  idle 
between  the  time  of  landing  roll-out  and 
final  shutdown  of  all  propulsion  engines. 

(24)  “Taxl/idie  (out)”  means  those 
aircraft  operations  involving  taxi  and 
idle  between  the  time  of  initial  starting 
of  the  propulsion  engine(s)  used  for  the 
taxi  and  turn  onto  duty  runway, 

(25)  “Exhaust  emissions”  means  sub¬ 
stances  emitted  to  the  atmosphere  from 
the  exhaust  discharge  nozzle  of  an  air¬ 
craft  or  aircraft  engine. 

(26)  “Fuel  venting  emissions”  means 
all  raw  fuel,  exclusive  of  hydrocarbons 
in  the  exhaust  emissions,  discharged 
from  aircraft  gas  turbine  engines  during 
ail  normal  ground  and  flight  operations. 

(27)  “Smoke”  means  the  matter  in 
exhaust  emissions  which  obscures  the 
transmission  of  light. 

(28)  “Smoke  number  (SN)  ”  means  the 
dimensionless  term  quantifying  smoke 
emissions. 

(29)  “Oxides  of  nitrogen”  means  the 
sum  of  the  amounts  of  the  nitric  oxide 
and  nitrogen  dioxide  contained  in  a  gas 
sample  as  if  the  nitric  oxide  were  in  the 
form  of  nitrogen  dioxide. 

(30)  “Calibration  gas”  means  a  gas  of 
known  concentration  which  is  used  to 
establish  the  response  curve  of  an 
analyzer. 

(31)  “Span  gas”  means  a  gas  of  known 
concentration  which  is  used  routinely  to 
set  the  output  level  of  an  analyzer. 

§  87.2  Abbreviations. 

•The  abbreviations  used  in  this  part 
have  the  following  meanings  in  both  up¬ 
per  and  lower  case: 

abs.  Absolute. 

APU  AuxUlary  power  unit. 

ASA  American  Standards  Association. 

ASTM  American  Society  for  Testing  and 

Materials. 

b. hp.  Brake  horsepower. 

c. f  Ji.  Cubic  feet  per  hour, 

c.f.m.  Cubic  feet  per  minute. 

C.  Centigrade. 

cc.  Cubic  centimeter. 

OO,  Carbon  dioxide. 

CO  Carbon  monoxide. 

Engine  pressure  ratio. 

P.  Fahrenheit. 


FAA 

Federal  Aviation  Administration, 
Department  of  Transportation. 

FID 

Flame  ionization  detector. 

H/C 

Hydrogen  to  carbon  atomic  ratio. 

HC 

Hydrocarbon  (s) . 

Hg 

Mercury. 

hp. 

Horsepower. 

hp.-hr. 

Horsepower-hr. 

hr. 

Hour(s) . 

In.HgV. 

Inches  of  mercury,  vacuum. 

ID. 

Inside  diameter. 

lb. 

Pound  (s). 

LTO 

Landing  takeoff. 

min. 

Minute  (s) . 

mm. 

Millimeter  (s) . 

First -stage  rotor  speed. 

N, 

Second-stage  rotor  speed  or  ni¬ 
trogen  (as  applicable). 

N, 

Third-stage  rotor  speed. 

NO 

Nitric  oxide. 

NO, 

Nitrogen  dioxide. 

NO* 

Oxides  of  nitrogen,  NO  and  NO,. 

NDIR 

Nondlspersive  Infrared  analyzer. 

o. 

Oxygen. 

O3 

Ozone. 

p.p.m 

Parts  jjer  million  by  volume. 

p.p.m.C 

Parts  per  mUlion  carbon. 

PT, 

Total  pressure  at  station  7. 

R. 

Rankine. 

r.p.m. 

Revolutions  per  minute. 

s.c.f.h. 

Standard  cubic  feet  per  hour. 

_s.c.f.m. 

Standard  cubic  feet  per  minute. 

sec. 

Second  (s). 

SHP 

Shaft  horse jx>wer 

SN 

Smoke  number. 

TIM 

Time  in  mode. 

TT 

Total  temperature  at  station  7. 

• 

Degr. 

% 

Percent. 

§87.3 

General  requirements. 

(a)  This  part  provides  for  the  approval 
or  acceptance  by  the  Administrator  or 
his  agents  of  testing  and  sampling  meth¬ 
ods,  analytical  techniques,  and  related 
equipment  not  identical  to  those  speci¬ 
fied  in  this  part.  Before  he  approves  or 
accepts  any  such  alternate,  equivalent, 
or  otherwise  nonidentical  procedures 
or  equipment,  the  Administrator  shall 
consult  with  the  Secretary  of  Transpor¬ 
tation  in  determining  whether  or  not 
the  action  requires  rule  making  under 
sections  231  and  232  of  the  Clean  Air 
Act,  as  amended,  consistent  with  the 
Secretary’s  responsibilities  under  sec¬ 
tion  232  of  the  Act. 

(b)  Under  section  232  of  the  Act,  the 
Secretary  of  Transpiortation  issues  reg¬ 
ulations  to  insure  compliance  with 
this  part  and  all  amendments  thereof. 

(c)  With  respect  to  aircraft  of  foreign 
registry,  these  regulations  shall  apply 
in  a  manner  consistent  with  any  obliga¬ 
tion  assumed  by  the  United  States  in  any 
treaty,  convention  or  agreement  between 
the  United  States  and  any  foreign  coun¬ 
try  or  foreign  countries. 

§  87.4  Test  ronditions. 

The  complete  engine  as  configured  for 
final  acceptance  testing,  including  all 
accessories  which  might  reasonably  be 
expected  to  influence  emissions  to  the 
atmosphere  excluding  auxiliary  gearbox- 
mounted  components  required  to  drive 
aircraft  systems  and  service  air  bleed, 
shall  be  functional  for  all  testing  in  this 
part. 

§  87.5  Spet’ial  lest  procedures. 

The  Administrator  may,  upon  written 
application  by  a  manufacturer  or  opera¬ 
tor  of  aircraft  or  aircraft  engines,  pre¬ 
scribe  test  procedures  for  any  aircraft 


or  aircraft  engine  that  is  not  susceptible 
to  satisfactory  testing  by  the  procedures 
set  forth  herein.  Prior  to  taking  action 
on  any  such  application,  the  Administra¬ 
tor  shall  consult  with  the  Secretary  of 
Transportation. 

§87.6  Aircraft  safety. 

The  provisions  of  this  part  will  be  re¬ 
vised  if  at  any  time  the  Secretary  of 
Transportation  determines  that  an 
emission  standard  cannot  be  met  within 
the  specified  time  without  creating  a 
safety  hazard. 

Subpart  B — Engine  Fuel  Venting  Emissions 

(New  and  In-Use  Aircraft  Gas  Turbine 

Engines) 

§  87.10  Applicability. 

The  provisions  of  this  subpart  are  ap¬ 
plicable  to  each  new  aircraft  gas  turbine 
engine  of  classes  T2,  T3,  T4,  and  T5 
manufactured  on  or  after  January  1, 
1974,  and  all  in-use  aircraft  gas  turbine 
engines  of  classes  T2,  T3.  T4,  and  T5  be¬ 
ginning  January  1,  1974,  and  each  new 
aircraft  gas  turbine  engine  of  Classes 
Tl  and  P2  manufactured  on  or  after 
January  1,  1975  and  all  in-use  aircraft 
gas  turbine  engines  of  classes  Tl  and 
P2  beginning  January  1,  1975. 

§  87.11  Standard  fur  fuel  venting  emis¬ 
sions. 

(a)  No  fuel  venting  emissions  shall  be 
discharged  into  the  atmo^here  from  any 
new  or  in-use  gas  tiu’bine  engine  sub¬ 
ject  to  the  subpart. 

(b)  Conformity  with  the  standard  set 
forth  in  paragraph  (a)  shall  be  deter¬ 
mined  by  inspection  of  the  method  de¬ 
signed  to  eliminate  these  emissions. 

Subpart  C — Exhaust  Emissions  (New 
Aircraft  Gas  Turbine  Engines) 

§  87.20  Applicability. 

The  provisions  of  this  subpart  are  ap¬ 
plicable  to  all  aircraft  gas  turbine  en¬ 
gines  of  the  classes  specified  beginning 
on  the  dates  specified. 

§  87.21  Standard!*  for  exhaust  emissions. 

(a)  Exhaust  emissions  of  smoke  from 
each  new  aircraft  gas  turbine  engine  of 
class  T4  manufactured  on  or  after  Janu¬ 
ary  1,  1974,  shall  not  exceed:  Smoke 
number  of  30. 

(b)  Exhaust  emissions  of  smoke  from 
each  new  aircraft  gas  turbine  engine  of 
class  T2  and  of  rated  power  of  29,000 
pounds  thrust  or  greater,  manufactured 
on  or  after  January  1,  1976  shall  not 
exceed:  Applicable  smoke  number  from 
Figure  1. 
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(c)  In  determining  conformity  of  air¬ 
craft  with  the  standards  set  forth  in 
paragraph  (a)  of  this  section,  all  auxil¬ 
iary  power  units  shall  be  operated  under 
the  conditions  set  forth  in  the  applicable 
sections  of  Subpart  O  of  this  part  and 
emissions  measured  and  calculated  in 
accordance  with  those  procedures. 

§  87.52  Standards  for  exhaust  emissions 
(in-use  aircraft). 

Exhaust  emissions  from  each  in-use 
aircraft  manufactured  on  or  after  Jan¬ 
uary  1,  1979,  resulting  from  generation 
of  onboard  power  shall  not  exceed  the 
level  of  the  emission  standards  appli¬ 
cable  to  such  aircraft  when  it  was  new. 

Subpart  G — ^Test  Procedures  for  Engine 

Exhaust  Gaseous  Emissions  (Aircraft 

and  Aircraft  Gas  Turbine  Engines) 

§  87.60  Introduction. 

Except  as  provided  imder  §  87.5,  the 
procedures  described  in  this  subpart 
shall  be  the  test  program  to  determine 
the  conformity  of  new  and  in-use  air¬ 
craft  gas  tiu-bine  engines  with  the  appli¬ 
cable  standards  set  forth  in  this  part. 
The  procedures  shall  also  be  used  to 
determine  emissions  from  auxiliary 
power  tmits  in  determining  conformity 
of  new  and  in-use  aircraft  with  the 
applicable  standards  set  forth  in  this 
part. 

(a)  The  test  consists  of  operating  the 
engine  at  prescribed  power  settings  on 
an  engine  dynamometer  (for  engines 
producing  primarily  shaft  horsepower) 
or  thrust  measming  test  stand  (for  en¬ 
gines  producing  primarily  thrust).  The 
exhaust  gases  generated  during  engine 
operation  are  sampled  continuously  for 
specific  component  analysis  through  the 
analytical  train. 

(b)  The  exhaust  emission  test  is  de¬ 
signed  to  measure  hydrocarbons,  carbon 
monoxide,  carbon  dioxide,  and  oxides  of 
nitrogen  concentrations  and  determine 
mass  emissions  and  engine  work  output 
through  calculations  during  a  simulated 
aircraft  landing-takeoff  cycle  (LTO). 
The  LTO  cycle  is  based  on  time  in  mode 
data  during  high  activity  periods  at 
major  airports.  The  test  for  propulsion 
engines  consists  of  at  least  the  following 
five  modes  of  engine  operation:  Taxi/ 
idle  (out),  takeoff,  climbout,  approach, 
and  taxi/idle  (in).  The  mass  emission 
and  work  output  for  the  modes  are  com¬ 
bined  to  yield  the  reported  values.  The 
test  for  auxiliary  power  units  consists  of 
one  mode:  Full  load. 

(c)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  on  an  engine  dynamom¬ 
eter  or  test  stand,  the  complete  engrine 
shall  be  used  with  all  accessories  which 
might  reasonably  be  expected  to  influ¬ 
ence  emissions  to  the  atmosphere  in¬ 
stalled  and  functioning  but  excluding 
auxiliary  gearbox-mounted  components 
required  to  drive  aircraft  systems  and 
service  air  bleed. 

§  87.61  Turbine  fuel  specifications. 

For  exhaust  emission  testing,  fuel 
meeting  the  specifications,  ASTM  D1655- 
latest  version- Jet  A.  shall  be  used.  Non- 
metallic  additives  as  specified  In  ASTM 
D1655-latest  versl(Mi-Jet  A.  may  be  pres¬ 


ent.  Additives  used  for  the  purpose  of 
smoke  suppression  (such  as  organo- 
metalllc  compounds)  shall  not  be 
present. 

§  87.62  Test  proeedure  (propulsion  en¬ 
gines). 

(a)(1)  The  engine  shall  be  tested  in 
each  of  the  following  five  engine  oper¬ 
ating  modes  which  simulate  aircraft 
operation  to  determine  its  mass  emissiem 
rates  and  work  output. 

Actual  power  setting,  that  when  cor¬ 
rected  to  standard  day  conditions,  cor- 
resix)nds  to  the  following  percentage  of 
rat^  power. 


Mode 

Class  T1  or  r2 

Class  T2, 

T3,  or  T4 

Taxi/idle  (out) .  Sep  subparacraph  (2) 

of  tills  paragraph. 

Takeoff .  100 .  100 


Approach . 

—  30 . 

30 

Taxi/ldlc  (In)—. 

...  See  subparagraph  (2) 
ol  this  (laragraph. 

(2)  The  taxi/ idle  operating  modes 
shall  be  carried  out  at  a  power  setting 
in  accordance  with  applicable  Federal 
Aviation  Administration  regulations,  at 


the  manufacturer’s  recommended  power 
setting  for  idle. 

(b)  Emission  testing  shall  be  conducted 
Ml  warmed-up  engines  which  have 
achieved  a  steady  operating  temperatm-e. 

§  87.63  Test  procedure  (auxiliary  power 
units) 

(a)  In  determining  compliance  with 
the  aircraft  emission  standards  under 
Subpart  F  of  this  part,  each  auxiliary 
power  unit  shall  be  tested  at  its  maxi¬ 
mum  load  cMidition  as  indicated  by  its 
power  output,  exhaust  gas  temperature, 
or  turbine  inlet  temperature  to  deter¬ 
mine  its  mass  emission  rate  and  work 
output.  The  work  output  shall  be  deter¬ 
mined  as  a  combination  of  shaft  energy 
output  and  actual  bleed  air  energy  con¬ 
tent.  'The  bleed  air  equivalent  horsepower 
for  APU’s  shall  be  determined  as  follows: 

Work  Output=0.341W  (Tbi«.d— Tm) ,  where 
W=blee<i  airflow  In  Ibs/sec,  Tbi«»d  =  ineasured 
bleed  air  temperature  In  "F,  and  T=com- 
pressor  Inlet  temperature  in  'F. 

(b)  Emission  testing  shall  be  con¬ 
ducted  on  warmed-up  auxiliary  power 
imits  which  have  achieved  a  steady  op¬ 
erating  temperature. 


(c)  In  determining  compliance  with 
the  aircraft  emission  standards  under 
Subpart  F  of  this  part,  auxiliary  power 
imits  shall  be  tested  prior  to  installation 
in  aircraft. 

§  87.64  Sampling  and  analytical  system 
for  measuring  exhaust  emissions. 

(a)  Schematic  drawing.  Figure  3  is  a 
schematic  drawing  of  the  exhaust  gas 
sampling  and  analytical  system  which 
shall  be  used  for  testing  under  the  regu¬ 
lations  in  this  subpart.  Additional  com¬ 
ponents  such  as  instruments,  valves, 
solenoids,  pumps,  and  switches  may  be 
used  to  provide  additional  information 
and  coordinate  the  functions  of  the  com¬ 
ponent  systems.  Parallel  installation  of 
CO  and  COj  Instruments  are  an  accepta¬ 
ble  alternate  configuration  of  Figure  3. 

(b)  Water  removal  devices.  No  desic¬ 


cants,  dryers,  water  traps,  or  related 
equipment  may  be  used  to  treat  the  ex¬ 
haust  sample  flowing  to  the  oxides  of 
nitrogen  measurement  instrumentation. 
NOi  instrument  configuration  must  be 
such  that  condensation  is  avoided 
through  the  instrument.  The  extent  of 
water  vapor  and  carbon  dioxide  inter¬ 
ference  on  the  carbon  monoxide  analyzer 
shall  be  determined  by  passing  a  range 
of  known  concentrations  of  carbon 
dioxide  and  water  vapor  through  the 
instrument  and  observing  the  response. 
If  the  effect  is  greater  than  2  percent  of 
measured  CO  levels,  all  subsequent  meas¬ 
urements  shall  be  corrected  for  these 
interferences. 

(c)  Component  description  (exhaust 
gas  sampling  system).  The  following 
components  shall  be  used  in  the  exhaust 
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gas  sampling  system  for  testing  under 
the  regulations  in  this  subpart. 

U)  Sampling  probe,  (i)  Probe  design 
concept:  The  probe  shall  be  made  of 
stainless  steel.  If  a  mixing  probe  is  used, 
all  sampling  holes  shall  be  of  equal 
diameter.  Total  probe  orifice  area  shall  be 
such  that  the  principal  pressui-e  drop  (at 
least  80  percent)  through  the  probe 
assembly  shall  be  taken  at  the  orifice 
(or  orifices). 

(ii)  Probe  orientation  and  sampling 
location: 

(fl)  A  minimum  of  12  sampling  points 
shall  be  used.  Either  mixing  or  individual 
probes  are  acceptable. 

(b)  A  minimum  of  three  different 
radial  positions  shall  be  used  in  each  of 
four  sampling  quadrants. 

(c)  If  the  minimum  of  12  sampling 
points  are  used,  the  points  in  circum¬ 
ferentially  adjacent  sampling  areas  shall 
be  separated  in  any  direction  by  a  dis¬ 
tance  less  than  0.1  tailpipe  radius  or  0.1 
annular  height,  as  applicable.  If  the 
number  of  sampling  points  (n)  is  greater 
than  12,  they  shall  be  equal  in  number 
in  each  quadrant  or  sector  and  the  mini¬ 
mum  separations  specified  above  shall 
be  reduced  by  a  factor  =  12/n. 

(d)  The  axial  sampling  plane  shall 
be  as  close  to  the  plane  of  the  exit 
nozzle  as  engine  performance  parameters 
permit  but  in  any  case,  shall  be  witWn 
one  exit  nozzle  diameter  of  the  exit 
plane. 

(c)  In  all  cases,  the  probe  shall  be 
designed  to  obtain  a  representative 
sample  over  the  area  of  the  entire  ex¬ 
haust  nozzle,  on  both  mixed  fan  engines 
and  nonmixed  fan  engines  as  well  as 
turbojets,  turboprops  and  auxiliary 
power  engines. 

(/)  The  multipoint  probe  shall  be  de¬ 
signed  to  minimize  the  errors  due  to 
pollutant  stratification,  whether  the 
stratification  is  due  to  combustor  design, 
mixing  or  lack  of  mixing,  or  engine  de¬ 
sign  such  as  mixing  of  fan  and  core  air. 

(2)  Sample  transfer.  The  sample  shall 
be  transferred  from  the  probe  to  the 
analytical  instruments  through  a  heated 
sample  line  of  either  stainless  steel  or 
Teflon  of  0.18-  to  0.32-in.  I.D.  The  sample 
lines  shall  be  maintained  at  a  tempera¬ 
ture  of  150° ±5°  C.  Sample  flow  rate  from 
the  engine  to  the  instruments  is  2  sec.  or 
less.  The  sample  line  length  from  the 
probe  exit  to  the  instruments  shall  be  of 
minimrun  length,  but  in  no  case  greater 
than  80  feet. 

(d)  Component  description  (exhaust 
gas  analytical  system).  The  following 
components  shall  be  used  in  the  exhaust 
gas  analytical  system  for  testing  under 
the  regulations  in  this  subpart.  The 
analytical  system  provides  for  the  de¬ 
termination  of  hydrocarbon  concentra¬ 
tions  by  flame  ionization  detector 
analysis,  the  determination  of  c:arbon 
monoxide  and  carbon  dioxide  concentra¬ 
tions  by  nondispersive  infrared  analysis 
and  the  determination  of  oxides  of  nitro¬ 
gen  concentrations  by  chemilumines¬ 
cence  analysis  of  exhaust  samples.  The 
chemiluminescence  method  of  analysis 
requires  that  the  nltgrogen  dioxide 
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present  in  the  sample  be  converted  to 
nitric  oxide  before  analysis.  Other  typ)es 
of  analyzers  may  be  used  if  shown  to 
yield  equivalent  results  and  If  approved 
in  advance  by  the  Administrator.  See 
Appendix  A  of  this  part. 

§  87.65  Information  to  be  rt-i’ortlotl. 

The  following  information,  as  appli¬ 
cable,  shall  be  recorded  with  respect  to 
each  test. 

(а)  General.  (1)  Facility  performing 
test. 

(2)  Description  of  test  equipment  in¬ 
cluding  the  probe  and  sampling  and  ana¬ 
lytical  train. 

(3)  Instrument  operator. 

( 4 »  Test  stand  operator. 

(5)  P^tel  identification,  including  H/C 
ratio  and  additives,  if  any. 

(b*  Aircraft  (in  which  engine  will  be 
installed)  description.  (1)  Manufacturer. 

(2)  Model  number. 

(3)  Serial  number  (if  knowm) . 

(4)  User. 

(5)  Engine  installation  position. 

(c)  Engine  description.  (1)  Maiiufac- 
tui'er. 

(2)  Model  number. 

(3)  Serial  number. 

( 4)  Time  since  overhaul  and  other  per¬ 
tinent  maintenance  information. 

(d)  Test  data.  (1)  Test  number. 

(2)  Date. 

(3)  Time. 

(4)  Ambient  temperature  and  engine 
inlet  temperature. 

(5)  Barometric  pressure. 

(б)  Relative  humidity. 

(7)  Sample  line  temperature.  Line 
temperature  shall  be  taken  at  a  mini¬ 
mum  of  three  locations,  two  of  which 
shall  be  the  probe  outlet  and  instnunen- 
tation  inlet. 

(8)  Sample  line  residence  time. 

(9)  All  pertinent  instrument  informa¬ 
tion  such  as  tuning,  gain,  full  scale  range. 

(10)  Recorder  charts:  Identify  zero, 
span,  exhaust  gets  sample  traces,  and  op¬ 
erating  mode. 

(11)  Date  of  most  recent  analytical  as¬ 
sembly  calibration  and  identification 
number,  if  any. 

(e)  Operating  mode  data.  (1)  Nominal 
power  setting. 

(2)  Actual  power  setting  (pounds, 
thrust,  horsepower,  etc.)  .> 

(3)  N,  speed,  revolutions  per  minute. 

(4)  Ni  speed  and  Nj,  if  applicable,  rev¬ 
olutions  per  minute. 

(5)  Measured  fuel  flow,  pounds/hour. 

(6)  Air  flow,  pounds /second  and 
method  of  determination. 

(7)  Bleed  air  flow,  pounds/second  and 
pressure  (APU’s  only). 

(8)  PTt. 

(9)  EPR. 

(10)  TT,. 

(11)  Pollutant  concentration,  from 
recorders,  in  percent  or  parts  per  million 
by  volume,  and  parts  per  million  carbon 
for  hydrocarbons. 

§  87.66  Calibration  and  instrument 
checks. 

(a)  Calibrate  the  analytical  assembly 
at  least  once  every  30  days.  Use  the  same 
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flow  rate  as  when  analyzing  samples. 

(1)  Adjust  Einalyzers  to  optimize 
pterformance. 

(2)  Zero  the  hydrocarbon  analyzer 
with  zero  grade  air  and  the  carbon  mon¬ 
oxide,  carbon  dioxide,  and  oxides  of 
nitrogen  analyzers  with  zero  grade  nitro¬ 
gen.  The  allowable  zero  gas  impurity  con¬ 
centrations  should  not  exceed  0.1  p.p.m. 
equivalent  carbon  response,  1  p.p.m.  car¬ 
bon  monoxide.  350  p.p.m.  carbon  dioxide, 
and  0.1  p.p.m.  nitric  oxide. 

(3)  Set  the  CO  and  CO2  analyzer  gains 
to  give  the  desired  range.  Select  desired 
attenuation  scale  of  the  HC  analyzer  and 
adjust  the  electronic  gain  control  to  give 
the  desired  full  scale  range.  Select  the 
desired  scale  of  the  NO.  analyzer  and 
adjust  the  phototube  high  voltage  supply 
or  amplifier  gain  to  give  the  desired 
range. 

(4)  Calibrate  the  HC  analyzer  with 
propane  (air  diluent)  gases  having  nom¬ 
inal  concentrations  equal  to  50  and  95 
percent  of  full  scale  of  each  range  used. 
Calibrate  the  CO  analyzer  with  carbon 
monoxide  (nitrogen  diluent)  gases  and 
the  CO2  analyzer  with  carbon  dioxide 
(nitrogen  diluent)  gases  having  nominal 
concentrations  equal  to  30,  €0,  and  90 
percent  of  full  scale  of  each  range  used. 
Calibrate  the  NO.  analyzer  with  nitric 
oxide  (nitrogen  diluent)  gases  having 
nominal  concentrations  equal  to  50  and 
95  percent  of  full  scale  of  each  range 
used.  The  actual  concentrations  should 
be  known  to  within  ±2  percent  of  the 
true  values. 

(5)  Compare  values  obtained  on  the 
the  CO  and  CO3  analyzers  with  previ¬ 
ous  calibration  curves.  Any  significant 
change  reflects  some  problem  in  the  sys¬ 
tem.  L(x:ate  and  correct  problem,  and 
recalibrate.  Use  best  judgment  in  select¬ 
ing  curves  for  data  reduction.  Log  gain 
reading. 

(6)  Check  the  NO.  to  NO  converter 
efficiency  by  the  following  procedure.  Use 
the  apparatus  described  and  Illustrated 
in  Figure  4, 

(i)  Attach  the  NO/Nj  supply  (150-250 
p.p.m.)  at  Cs,  the  Oj  supply  at  Ci  and 
the  analyzer  inlet  connection  to  the  effi¬ 
ciency  detector  at  Cj.  If  lower  concen¬ 
trations  of  NO  are  used,  air  may  be  used 
in  place  of  Ot  to  facilitate  better  control 
of  the  NOa  generated  during  step  (iv) . 

(ii)  With  the  efficiency  detector  variac 
off,  place  the  NO.  converter  in  bypass 
mode  and  close  valve  V3.  Open  valve 
MV2  until  sufficient  flow  and  stable  read¬ 
ings  are  obtained  at  the  analyzer.  Zero 
and  span  the  analyzer  output  to  indi¬ 
cate  the  value  of  the  NO  concentration 
being  used.  Record  this  concentration. 

(iii)  Open  valve  V3  (on/off  flow  con¬ 
trol  solenoid  valve  for  O.:)  and  adjust 
valve  MVl  (O.!  supply  metering  valve) 
to  blend  enough  Os  to  lower  the  NO  con¬ 
centration  (ii)  about  10%.  Record  this 
concentration. 

(iv)  Turn  on  the  ozonator  and  Increase 
its  supply  voltage  imtil  the  NO  concen¬ 
tration  of  (iii)  is  reduced  to  about  20% 
of  (ii).  NO,  is  now  being  formed  from 
the  NO-f  Os  reaction.  There  must  always 
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be  at  lesist  10%  unreacted  NO  at  this 
point.  Record  this  concentration. 

«  -  HOjc  CONVERTER  ETFZCIENCr  BETECTO* 


NO/Nj 

su?rLX 

(v)  When  a  stable  reading  has  been 
obtained  from  (Iv) ,  place  the  NOx  con¬ 
verter  In  the  convert  mode.  The  analyzer 
will  now  indicate  the  total  NOx  concen- 
traticHi.  Record  this  concentration. 

(vi)  Turn  off  the  ozonator  and  allow 
the  analyzer  reading  to  stabilize.  The 
mixture  NO-l-02  is  still  passing  through 
the  converter.  This  reading  is  the  total 
NOx  concentration  of  the  dilute  NO  span 
gas  used  at  step  (iii).  Record  this  con¬ 
centration. 

(vii)  Close  valve  V3.  The  NO  concen¬ 
tration  should  be  equal  to  or  greater  than 
the  reading  of  (ii)  indicating  whether 
the  NO  contains  any  NO,. 

Calculate  the  efiBciency  of  the  NOx 
converter  by  substituting  the  concentra¬ 
tions  obtained  during  the  test  into  the 
following  equation,. 

%  Kff.  =  X 100% 

The  efficiency  of  the  conventer  should 
be  greater  than  90  percent.  Adjusting 
the  converter  temperatme  may  be 
needed  to  maximize  the  efficiency.  Effi¬ 
ciency  checks  should  be  made  on  each 
analyzer  range  iising  an  NO  span  gas 
concentration  appropriate  to  the  instru¬ 
ment  range. 

(viii)  If  the  converter  efficiency  is  not 
greater  than  90  percent,  the  cause  of  the 
inefficiency  shall  be  determined  and  cor¬ 
rected  before  the  instrument  is  used. 

(ix)  The  converter  efficiency  shall  be 
checked  at  least  once  weekly  and  prefer¬ 
ably  once  dally. 

(b)  Verifications  and  instrument 
checks  shall  be  performed  in  accordance 
with  §  87.67  on  in-use  systems.  Verifica¬ 
tion  and  instrument  checks  shall  be  per¬ 
formed  before  and  after  each  test,  but 
not  less  than  once  per  hour, 

(c)  For  the  purposes  of  this  section, 
the  term  “zero  grade  air”  includes  arti¬ 
ficial  “air”  consisting  of  a  blend  of 
nitrogen  and  oxygen  with  oxygen  con¬ 
centrations  between  18-  and  21-mole 
percent, 

§  87.67  .Sunipling  priM  cdures. 

(a)  HC,  CO,  COi,  and  NOx  measure¬ 
ments.  Allow  a  minimum  of  2  hours 
warmup  for  the  CO,  CO,,  HC,  and  NOx 


analyzers.  (Power  is  normally  left  on 
Infrared  and  chemiluminescence  ana¬ 
lyzers;  but  when  not  in  use,  the  chopper 
motors  of  the  infrared  analyzers  are 
tinned  off  and  the  phototube  high  volt¬ 
age  supply  of  the  chemiluminescence 
analyzer  is  placed  in  the  standby  posi¬ 
tion.)  The  following  sequence  of  opera¬ 
tions  shall  be  performed  in  conjunction 
with  each  series  of  measurements: 

(1)  Check  the  sampling  system  for 
any  leaks  that  could  dilute  the  exhaust 
gas  and  replace  or  clean  sample  line 
filters. 

(2)  Introduce  the  zero  grade  gas  at 
the  same  flow  rates  used  to  analyze  the 
test  samples  and  zero  the  analyzers.  Ob¬ 
tain  a  stable  zero  on  each  amplifier 
meter  and  recorder.  Recheck  after  tests. 

(3)  Introduce  span  gases  and  set  the 
CO  and  CO,  analyzer  gains,  the  HC  ana¬ 
lyzer  sample  capillary  flow  rate  and  elec¬ 
tronic  gain  control,  if  provided,  and  the 
NOx  analyzer  high  voltage  supply  or 
amplifier  gain  to  match  the  calibra¬ 
tion  curves.  In  order  to  avoid  corrections, 
span  and  calibrate  at  the  same  flow  rates 
used  to  analyze  the  test  samples.  Sp>an 
gases  should  have  concentrations  equal 
to  approximately  80  percent  of  each 
range  used.  If  gain  has  shifted  signif¬ 
icantly  on  the  CO  or  <X),  analyzers, 
check  tuning.  If  necessary,  check  calibra¬ 
tion.  Respan  at  least  at  end  of  test  but 
not  less  than  once  per  hour.  Show  actual 
concentrations  on  chart.  Log  gain  read¬ 
ings. 

(4)  Check  zeros;  repeat  the  procedure 
in  subparagraphs  (1)  and  (2)  of  this 
paragraph,  if  required. 

(5)  Check  sample  line  temperature 
and  sample  residence  time. .  To  check 
sample  residence  time: 

(i)  Introduce  HC  span  gas  into  sam¬ 
pling  system  at  sample  inlet  and  simul¬ 
taneously  start  timer. 

(ii)  When  HC  Instrument  indication 
is  15  percent  of  span  concentration,  stop 
timer. 

(iii)  If  elapsed  time  is  more  than  2.0 
seconds,  make  necessary  adjustments. 

(iv)  Repeat  (i)  through  (iii)  with 
CO,  CO,,  and  NO  instruments  and  span 
gases. 

(6)  Check  instrument  flow  rates  and 
pressures. 

(7)  The  engine  shall  be  operated  in 
each  operating  mode  until  emission 
levels  have  stabilized  as  indicated  by  a 
constant  instnunent  reading  or  recorder 
output.  This  stabilized  reading  shall  be 
recorded  and  used  in  calculating  mass 
emission  rates  as  called  for  in  Section 
87.70. 

(8)  Measure,  HC,  CO,  CO-,  and  NOx 
concentrations  of  the  exhaust  sample  at 
the  various  modes  called  for  in  §§  87.62 
or  87.63,  as  appropriate, 

(9)  If  individual  probes  are  used,  the 
number  to  be  reported  (for  each  com¬ 
ponent)  shall  be  the  arithmetic  average 
of  the  values  obtained  at  each  sampling 
point.  If  mixing  probes  are  used,  the 
number  to  be  reported  shall  be  the  aver¬ 
age  of  the  values  of  the  several  probes. 


giving  each  probe  a  weighting  factor 
equal  to  the  number  of  sample  points  in 
that  particular  probe. 

(10)  Recheck  zero  and  span  points  at 
the  end  of  the  test  and  also  at  approx¬ 
imately  one  hour  intervals  during  the 
test.  If  either  has  changed  by  ±2  percent 
of  full  scale,  the  test  shall  be  rerun  after 
instrument  maintenance:  Provided,  That 
if  it  is  impractical  to  repeat  the  test,  a 
correction  based  on  an  interpolation 
which  is  linear  with  time  is  acceptable 
for  corrections  within  ±4  percent. 

(b)  Sample  system  contamination,  il) 
Care  shall  be  taken  to  avoid  loading  of 
the  sampling  system  with  raw  fuel  dis¬ 
charge  dining  engine  starting. 

(2)  When  the  sample  probe  is  in  the 
exhaust  stream  and  sampling  is  not  in 
process,  a  back  purge  with  air  or  an 
inert  gas  may  be  necessary  to  protect  the 
probe  and  sample  line  from  particulate 
buildup  which  could  affect  smoke  and 
hydrocarbon  readings.  Check  sample  line 
for  contamination  each  time  the  instru¬ 
ment  zero  and  span  points  are  checked. 
Use  the  following  procedure  to  check  the 
sample  line: 

(i)  Immediately  after  instrument  zero 
and  span  measurements  and  necessary 
adjustments  are  complete,  introduce  hy¬ 
drocarbon  zero  gas  near  the  sample 
probe.  If  the  Instrument  zero  reading 
increases  by  more  than  5  percent  of  the 
scale  in  use,  the  sample  line  diall  be 
purged  or  cleaned  as  required,  to  bring 
the  zero  within  limits. 

(11)  When  the  requirements  of  (i) 
have  been  met,  introduce  hydrocarbon 
span  gas  into  the  inlet  of  the  sampling 
system.  If  the  instrument  span  reading 
is  different  by  more  than  ±5  percent  from 
the  correct  setting  for  the  scale  in  use, 
the  sample  line  shall  be  purged  or 
cleaned,  as  required,  to  bring  the  span 
within  limits. 

§  87.68  Test  run. 

A  test  run  shall  consist  of  operating 
the  engine  in  accordance  with  §§  87.62 
or  87.63,  as  applicable.  During  the  test 
run  the  engine  shall  not  be  operate  at 
a  power  setting  above  normal  idle  power 
before  beginning  the  test  sequence  of 
§  87.62.  The  engine  shall  be  operated  in 
the  sequence  called  for  under  these  sec¬ 
tions,  unless  an  alternate  procedure  is 
agreed  to  in  writing  by  the  Administra¬ 
tor  before  such  testing  is  conducted.  If 
repeat  runs  at  full  takeoff  power  are  nec¬ 
essary,  they  may  be  conducted  after  the 
last  idle  run  in  the  test  sequence. 

§  87.69  Ciiart  reading. 

Determine  the  HC,  CO,  CO,,  and  NOx 
concentrations  of  the  exhaust  sample 
during  the  various  modes  from  the  in¬ 
strument  deflections  or  recordings,  mak¬ 
ing  use  of  appropriate  calibration  charts. 

§  87.70  Calculations. 

(a)  The  final  reported  test  results 
shall  be  computed  by  use  of  the  follow¬ 
ing  formulas: 

(1)  Hydrocarbon: 


HC  pounds/l.OOO  pound-thrust-h».  or  Sum  of  the  HC  mass/mode  of  ea.  mode 
1,000  hp.-hr.,  as  apiM'oprlate/cyole  ~Sum  of  the  work^butputTof^ea.  mode 
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'  Figure  5  -  SAi'3>Li::G  SYSTEM  SCHEMATIC 
DIAGRAM 


(3)  Filter  holder.  The  filter  holder 
shall  firmly  clamp  the  filter  material  so 
that  overall  system  leakage  does  not  ex¬ 
ceed  that  provided  in  §  87.84(c).  The 
holder  internal  geometry  shall  be  such 
that  the  variation  of  SN  over  the  sample 


spot  surface  is  not  greater  than  two.  Re¬ 
quired  elements  of  the  filter  holder  de¬ 
sign  are  given  in  Flgme  6.  The  filter 
holder  shall  be  made  of  corrosion  resist¬ 
ant  material. 


Rm 


Ran*  at 
rutar  Katarlal 


S  (Spot  dlaaeter)  s  9.50  to  1.50  in. 

0 . 5®  to  7.5“ 

<H  -  20“  to  30“ 

Plguro  t  -FIITKR  ROLT'FP  SCRSIATIO 
DLAGEATf 

(4)  Sampling  probe.  The  sample  probe 
and  procedure  shall  be  the  same  as  used 
to  show  compliance  with  §  87.64(c) . 

(5)  Sampling  lines.  The  sampling  lines 
shall  be  straight  through  with  no  kinks 
or  loops,  and  no  bends  having  a  radius 
of  less  than  10  line  diameters.  Sampling 
line  inside  diameter  shall  be  within  0.18 
to  0.32  inch.  The  sampling  line  section 
from  the  probe  exit  to  valve  A  entrance 
shall  be  of  minimum  length,  not  greater 
than  75  feet,  with  a  minimum  of  fittings 
or  other  breaks.  Line  material  shall  be 
such  as  to  not  encourage  build-up  of 
either  particulate  matter  or  static  elec¬ 
tric  charge,  such  as  stainless  steel  or 
copE)er. 
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(6)  Valving.  Four  valve  elements  shall 
be  provided.  Valve  A  shall  be  a  quick 
acting,  full-flow,  flow  diverter  with 
“closed,”  “sample,”  and  “bypass”  posi¬ 
tions.  Valve  A  may  consist  of  two  valves, 
provided  that  they  are  interlocked  so 
that  one  of  the  pair  cannot  act  inde¬ 
pendently  of  the  other.  Valves  B  and  C 
shall  be  throttling  valves  used  to  estab¬ 
lish  a  system  flow  rate.  Valve  D  shall  be 
a  shutoff  valve  used  in  isolating  the  Alter 
holder.  All  valves  shall  be  made  of  cor¬ 
rosion  resistant  material. 

(7)  Vacuum  pump.  The  vacuum  pump 
shall  have  a  no-flow  vacuum  capability 
of  at  least  22  in.  Hg.  V.,  and  full-flow 
capacity  of  1  s.c.f.m.  minimum. 

(8)  Reflectometer.  A  reflectometer 
conforming  to  ASA  standard  for  diffuse 
reflecticm  density,  number  Ph2.17-1958, 
shall  be  used.  The  diameter  of  the  reflec¬ 
tometer  light  beam  on  the  Alter  paper 
shall  be  no  more  than  one-half  of  “D,” 
the  diameter  of  the  Alter  spK)t.  The  al¬ 
lowable  range  of  “D”  is  given  in  Pigime  6. 

(9)  Filter  material.  The  Alter  material 
shall  be  Whatman  No.  4  Alter  paper  or 
equivalent  approved  by  the  Administra¬ 
tor. 

§  87.83  Information  to  be  recorded. 

The  following  information  shall  be  re¬ 
corded  with  respect  to  each  test  in  addi¬ 
tion  to  that  information  called  for  in 
S  87.65  (a)  through  (c) . 

(a)  Sample  temperature. 

(b)  Sample  pressure. 

(c)  Actual  sample  volume  at  sampling 
conditions. 

(d)  Actual  sample  flow  rate  at  sam¬ 
pling  conditions. 

(e)  Leak  and  cleanliness  checks  sub¬ 
stantiation  as  required  by  §  87.84  (b) 
and  (c). 

§  87.84  Calibration  and  instrument 
checks. 

(a)  Reflectometer  calibration.  The  re¬ 
flectometer  required  by  §  87.82(b)  (8) 
shall  be  calibrated  in  accordance  with 
manufacturer’s  specifications. 

(b)  System  maintenance.  The  need  for 
cleaning  or  replacement  shall  be  deter¬ 
mined  by  conducting  the  follo^ving  clean¬ 
liness  check: 

(1)  Pull  open  valves  B,  C,  and  D. 

(2)  Use  the  vacuum  pump  and  alter¬ 
nately  set  valve  A  to  “bypass”  and  “sam¬ 
ple”  to  purge  the  entire  system  with 
clean  air  for  at  least  5  minutes. 

(3)  Set  valve  A  to  “bypass.” 

(4)  Close  valve  D  and  clamp  clean 
filter  material  into  the  holder.  Open 
valve  D. 

(5)  Set  valve  A  to  “sample,”  reset  back 
to  “bypass”  after  1  standard  cubic  foot 
of  air  per  square  inch  of  filter  area  has 
passed  through  the  filter  material. 

If  the  filter  spot  exhibits  SN  greater 
than  3,  the  system  lines  must  be  cleaned 
or  replaced.  The  system  shall  not  be  used 


until  this  cleanliness  requirement  has 
been  met. 

(^c)  Leak  check.  The  following  proce¬ 
dure  shall  be  used  to  leak  check  the 
system. 

(1)  Clamp  clean  filter  material  into 
the  holder. 

(2)  Close  valve  A,  full  open  valves  B, 
C,  and  D. 

(3)  Run  the  vacuum  pump  for  5 
minutes. 

The  system  shall  be  satisfactory  if  no 
more  than  0.20  standard  cubic  foot  passed 
through  the  volume  meter  during  5  min¬ 
utes.  The  system  shall  not  be  used  imtll 
this  requirement  has  been  met. 

§  87.83  Test  procedures. 

(a)  The  engine  shall  be  operated  as 
provided  in  §  87.62.  The  leak  check  and 
cleanliness  check  requirements  of  S  87.84 
shall  be  confirmed  before  and  after  each 
engine  test.  The  test  shall  be  repeated 
if  the  requirements  of  §  87.84  are  not 
confirmed. 

(b)  Precautions:  The  material  being 
measured  is  composed  of  low-micron 
and/or  submicron  size  agglomerated  par¬ 
ticles.  Precautions  should  be  taken  to  as¬ 
sure  that  steady  state  conditions  have 
been  achieved  prior  to  taking  a  sample. 
To  prevent  material  accumulation,  the 
system  shall  not  be  left  in  a  no-flow  con- 
diticHi  when  exhaust  gas  is  contained. 

(c)  Sampling:  Not  less  than  1  minute 
shall  be  allowed  to  assure  that  the  sys¬ 
tem  is  fully  charged  with  a  representative 
gas  sample.  The  sampling  flow  rate  shall 
be  maintained  at  0.50±0.02  c.f.m.  At 
least  four  sample  sizes  shall  be  taken 
within  the  range  of  0.00765  to  0.115  lb. 
of  exhaust  gas  per  square  inch  of  filter. 
Samples  shall  taken  both  above  and 
below  0.0230  lb.  of  exhaust  gas  per  square 
inch  of  filter. 

(d)  Temperature  control:  The  gas 
temperature  from  the  sampling  probe  en¬ 
trance  to  the  filter  material  shall  be 
above  the  dew  point  temperature.  All 
lines  and  valves  shall  be  lagged  and/or 
heated  as  necessary  to  meet  this 
requirement. 

(e)  Preparation  for  each  power  set¬ 
ting:  The  following  shall  be  done  to  pre¬ 
pare  the  system  at  each  power  setting: 

(1)  Set  valve  A  to  “bypass,”  close 
valve  D. 

.  (2)  Draw  exhaust  gas  for  5  minutes 

minimum,  then  use  valve  C  to  set  flow 
rate  at  0.50±0.02  c.f.m. 

(3)  Clamp  clean  filter  material  into 
the  holder. 

(4)  Open  valve  D. 

(5)  Set  valve  A  to  “sample”  and  use 
valve  B  to  again  set  the  flow  rate  to 
0.50±0.02  c.f.m.  This  shall  be  done 
quickly  before  particulate  buildup  on 
the  filter  causes  excessive  pressure  drop. 

(6)  Set  valve  A  to  “bypass”  and  close 
valve  D. 

(7)  Clamp  clean  filter  material  into 
the  holder.' 


(f)  Sampling  procedure:  The  proce¬ 
dure  for  smoke  sampling  at  each  power 
setting  shall  be  as  follows: 

(1)  With  valve  D  closed  and  valve  A 
set  at  the  “bypass”  position,  charge  the 
lines  with  exhaust  gas  for  1  minute 
minimum.  Reestablish  flow  rate  at 
0.50±0.02  c.f.m.  as  required,  using 
valve  C. 

(2)  Open  valve  D. 

(3)  Set  valve  A  to  “sample,”  allow 
the  chosen  sample  volume  to  pass,  then 
set  valve  A  to  “bypass.” 

(4)  Close  valve  D  and  clamp  clean  fil¬ 
ter  material  into  the  holder. 

(5)  Repeat  subparagraphs  (2)  through 
(4)  of  this  paragraph  for  at  least  three 
more  sample  sizes  in  accordance  with 
paragraph  (c)  of  this  section. 

§  87.86  Test  run. 

With  respect  to  engine  operation,  the 
test  run  shall  be  conducted  in  accord¬ 
ance  with  §  87.68. 

§  87.87  Delerniinutioii  of  SN. 

Smoke  spot  analysis  shall  be  made 
with  a  reflectometer  as  sp>ecified  in 
§  87.82(b)  (8).  nie  backing  material 
shall  be  black  with  a  maximum  absolute 
reflectance  of  3  percent.  The  reflectance 
reading  of  each  spot  shall  be  used  to 

Rs 

calculate  SN  by :  SN  =100(1 - ) ,  where 

Rw 

Rs= absolute  reflectance  of  the  sample 
spot.  Rw= absolute  reflectance  of  clean 
filter  material. 

§  87.88  Calrulalioiis. 

(a)  Calculation  of  W.  The  sample 
weight  (W)  shall  be  calculated  by: 

PV 

W  (lb.)  =1.326 — ,  where  P  and  T  are 
T 

sample  pressxire  and  temperature  in 
units  of  inches  of  mercury  absolute  and 
degrees  Ranklne,  respectively,  measured 
immediately  upstream  of  the  volume 
meter.  V  is  measured  sample  volume  in 
cubic  feet. 

(b)  Calculation  of  W/A.  The  sample 
weight  in  pounds  per  square  inch  of  filter 
spot  area  (W/A)  shall  be  calculated  for 
each  sample  size  taken. 

(c)  Plotting  SN  versus  W/A.  All  SN 
shall  be  plotted  versus  W/A  on  semilog 
coordinates,  with  W/A  as  the  logarithmic 
abscissa.  A  straight  line  shall  be  fitted 
to  these  points  using  the  method  of  least 
squares.  Such  a  line  shall  be  produced 
for  each  power  setting  specified. 

(d)  Plotting  reporting  values  of  SN 
versus  power  setting.  Values  6f  SN  shall 
be  read  from  the  straight  line  functions 
of  paragraph  (c)  of  this  section  for 
W/A= 0.0230  Ib/sq.  in.  These  SN  are 
the  values  to  be  reported  and  shall  be 
presented  by  plotting  them  as  ordinate 
versus  power  setting  as  abscissa  on  rec¬ 
tangular  coordinates. 
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§  87.89  Compliance  hiiIi  emission  stand¬ 
ards. 

Compliance  with  each  emission  stand¬ 
ard  shall  be  determined  by  comparing 
the  plot  of  SN  versus  power  setting  from 
§  87.88  with  the  applicable  emission 
standard  under  this  part.  The  SN  at 
every  power  setting  shall  not  exceed  the 
standard. 

Subpart  I — Test  Procedures  for  Engine 

Exhaust  Gaseous  Emissions  (Aircraft 

Piston  Engines) 

§  87.98  InlrodiK'lion. 

Except  as  provided  under  §  87.5,  the 
procedures  described  in  this  subpart 
shall  be  the  test  program  to  determine 
the  conformity  of  new  and  in-use  air¬ 
craft  piston  engines  with  the  applicable 
standards  set  forth  in  this  part. 

(a)  The  test  consists  of  operating  the 
engine  at  prescribed  pow'er  settings  on 
an  engine  dynamometer  or  test  stand. 
The  exhaust  gases  generated  during 
engine  operation  are  sampled  continu- 
oiasly  for  specific  component  analysis 
through  the  analytical  train. 

(b)  The  exhaust  emission  test  is  de¬ 
signed  to  measure  hydrocarbon,  carbon 
monoxide,  and  oxides  of  nitrogen  con¬ 
centrations  and  determine  mass  emis¬ 
sions  through  calculations  during  a  sim¬ 


ulated  aircraft  landing-takeoff  cycle 
(LTO).  The  LTO  cycle  is  based  on  time 
in  mode  data  during  high  activity  periods 
at  major  airports.  The  test  consists  of 
five  modes  of  engine  operation;  Taxi/ 
idle  (out),  takeoff,  climbout,  approach, 
and  taxi /idle  (in).  The  mass  emissions 
for  the  modes  and  engine  rated  power 
are  combined  to  yield  the  reported 
values. 

(c)  When  an  engine  is  tested  for  ex¬ 
haust  emissions  on  an  engine  dynamom¬ 
eter  or  test  stand,  the  complete  engine 
shall  be  used  with  all  accessories,  which 
might  reasonably  be  expected  to  in¬ 
fluence  emissions  to  the  atmosphere,  in¬ 
stalled  and  functioning. 

§  87.91  Gasoline  fuel  .speeineations. 

For  exhaust  emission  testing,  fuel 
meeting  the  specifications  of  ASTM 
D910  latest  version  for  grades  80/87  or 
100/130  (as  applicable)  shall  be  used. 
The  lead  content  and  octane  rating  of 
the  fuel  shall  be  in  the  range  recom¬ 
mended  by  the  engine  manufacturer. 

§  87.92  T<^1  procedure. 

(a)  (1)  The  engine  shall  be  tested  in 
each  of  the  following  five  engine  operat¬ 
ing  modes  which  simulate  aircraft  oper¬ 


ation  to  determine  its  mass  emission 
rates: 


Mode^ 

Taxl/ldle  (out) _ 

Takeoff  _ 

Climbout  _ 

Approach  _ 

Taxl/ldle  (In) _ 


Power  setting  (percent 
of  rated  power) 

See  subparagraph  (2) 
of  this  paragraph 
100  percent 

See  subparagraph  (3) 
of  this  paragraph 
40  percent 

See  subparagraph  (2) 
of  this  paragraph 


(2)  The  taxi/idle  operating  modes 
shall  be  conducted  in  accordance  with 
the  manufacturer’s  recommended  power 
setting. 

(3)  The  climbout  operating  mode  shall 
be  conducted  in  acco^ance  with  the 
manufacturer’s  recomniended  pow’er  set¬ 
ting:  Provided,  That  the  power  setting 
shall  be  between  75  and  100  percent  of 
rated  power. 

(b)  Emission  testing  shall  be  conducted 
on  warmed-up  engines  which  have 
achieved  a  steady  operating  temperature. 

§  87.93  Sampling  and  analytical  system 
for  measuring  exhaust  emissions. 

(a)  Schematic  drawing.  Figure  7  is  a 
schematic  drawing  of  the  exhaust  gas 
sampling  and  analytical  system  which 
shall  be  used  for  testing  under  the  regu¬ 
lations  in  this  subpart.  Additional  com- 
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ponents  such  as  instruments,  valves, 
solenoids,  pumps,  and  switches  may  be 
used  to  provide  additional  information 
and  coordinate  the  functions  of  the  com¬ 
ponent  systems. 

(b)  Water  removal  devices.  No  desic¬ 
cants,  dryers,  water  traps,  or  related 
equipment  may  be  used  to  treat  the  ex¬ 
haust  sample  flowing  to  the  oxides  of 
nitrogen  measurement  instrumentation. 
Temperature  control  shall  be  provided 
for  NOx  sample  lines,  hardw’are  and  in- 
strunrent  to  prevent  water  condensation. 

(c)  Component  description  (.exhaust 
gas  sampling  system).  The  following 
components  shall  be  used  in  the  exhaust 
gas  sampling  system  for  testing  imder 
the  regvilations  in  this  subpart: 

( 1 )  Sampling  probe.  The  probe  will  be 
made  of  stainless  steel  of  at  least  one- 
fourth  inch  outside  diameter  extending 
across  the  diameter  of  the  engine  ex¬ 
haust  duct.  The  gas  sample  will  be  drawn 
through  a  minimum  of  5  holes  in  the 
sample  probe  distributed  uniformly 
across  the  inside  diameter  of  the  engine 
exhaust  duct.  Where  the  engine  has  two 
or  more  exhaust  pipes,  the  pipes  shall  be 
combined  into  a  common  exhaust  pipe  of 
sufficient  length  to  provide  for  good 
mixing. 

(2)  Sample  transfer.  The  sample  shall 
be  transferred  from  the  probe  to  the 
analytical  instruments  through  a  stain¬ 
less  steel  or  Teflon  sample  line.  Sample 
flow  rate  from  the  engine  to  the  instru¬ 
ments  shall  be  such  that  the  transport 
time  from  exhaust  pipe  to  instruments  is 
2  seconds  or  less. 

(d)  Component  description  (exvhaust 
gas  analytical  system).  The  analytical 
system  provides  for  the  determination  of 
hydrocarbon  concentrations  by  flame 
ionization  detector  analysis,  the  deter¬ 
mination  of  carbon  monoxide  and  carbon 
dioxide  concentrations  by  nondispersive 
infrared  analysis  and  the  determination 
of  oxides  of  nitrogen  concentrations  by 
chemiluminescence  analysis  of  exhaust 
samples.  The  chemiluminescehce  method 
of  analysis  requires  that  the  nitrogen  di¬ 
oxide  present  in  the  sample  be  converted 
to  nitric  oxide  before  analysis.  Other 
types  of  analyzers  may  be  used  if  shown 
to  yield  equivalent  results  and  if  ap¬ 
proved  in  advance  by  the  Administrator. 
See  appendix  B  of  this  part. 

§  87.94  Information  to  be  reronloil. 

The  following  information,  as  appli¬ 
cable,  shall  be  recorded  with  respect  to 
each  test; 

(a)  General.  (1)  Facility  performing 
test. 

(2)  Description  of  test  equipment  in¬ 
cluding  the  probe  and  sampling  and 
analytical  train. 

(3)  Instrument  operator. 

(4)  Test  stand  operator. 

(5)  Fuel  identification  including  H/C 
ratio  and  additives,  if  any. 

(b)  Aircraft  (in  which  engine  will  be 
installed)  description.  (1)  Manufacturer. 

(2)  Model  number. 

(3)  Serial  number  (if  known) . 

(4)  User. 

(c)  Engine  description. — (1)  Manufac¬ 
turer. 


(2)  Model  number. 

(3)  Serial  number. 

(4)  Displacement. 

(5)  Type,  manufacturer,  and  model  of 
carburetion. 

(6)  Cylinder  configuration. 

(7)  Turbocharger  manufacturer  and 
model,  if  applicable. 

(d)  Test  data. — (1)  Test  number. 

(2)  Date. 

(3)  Time. 

(4)  Ambient  temperature  and  engine 
inlet  temperature. 

(5)  Barometric  pressure. 

(6)  Relative  humidity. 

(7)  Sample  line  tempera tme. 

(8)  Sample  line  residence  time. 

(9)  All  pertinent  instrument  informa¬ 
tion  such  as  tuning,  gain,  full  scale  range. 

(10)  Recorder  charts :  Identify  zero, 
span  and  exhaust  gas  sample  traces. 

(e)  Operating  mode  data. — (1)  Nom¬ 
inal  power  setting. 

(2)  Actual  power  setting,  horsepower. 

(3)  Speed,  revolutions  per  minute. 

(4)  Absolute  manifold  pressure,  inches 
mercury. 

(5)  Measured  fuel  flow,  pounds  per 
minute. 

(6)  Air  flow,  pounds  per  minute  and 
method  of  determination. 

(7)  Pollutant  concentration,  from  re¬ 
corders,  in  percent  or  parts  per  million 
by  volume,  and  parts  per  million  carbon 
for  hydrocarbons. 

§  87.95  Calibration  and  iiiHlriinient 
clicks. 

Calibration  and  instrument  checks 
shall  be  performed  in  accordance  with 
§  87.66  except  that  daily  calibration  and 
instrument  checks  shall  be  performed  in 
accordance  with  §  87.96. 

§  87.96  Sampling  procediire.«. 

(a)  HC.  CO,  CO',  and  NOx  measure¬ 
ments.  Allow  a  minimum  of  2  hours 
warmup  for  the  CO,  COc,  HC  and  NOx 
analyzers.  (Power  is  normally  left  on 
infrared  and  chemiluminescence  ana¬ 
lyzers:  but  when  not  in  use.  the  chopper 
motors  of  the  infrared  analyzers  are 
turned  off  and  the  phototube  high  volt¬ 
age  supply  of  the  chemiluminescence 
analyzer  is  placed  in  the  standby  posi¬ 
tion.)  The  following  sequence  of  opera¬ 
tions  shall  be  performed  in  conjunction 
with  each  series  of  measurements: 

(1)  Check  the  sampling  system  for 
any  leaks  that  could  dilute  the  exhaust 
gas. 

(2)  Introduce  the  zero  grade  gas  at 
the  same  flow  rates  used  to  analyze  the 
test  samples  and  zero  the  analyzers.  Ob¬ 
tain  a  stable  zero  on  each  amplifier  me¬ 
ter  and  recorder.  Recheck  after  tests. 

(3)  Introduce  span  gases  and  set  the 
CO  and  CO--  analyzer  gains,  the  HC  ana¬ 
lyzer  sample  capillary  flow  rate  and  elec¬ 
tronic  gain  control.  If  provided,  and  the 
NO,  anaylzer  high  voltage  supply  or  am¬ 
plifier  gain  to  match  the  calibration 
curves.  In  order  to  avoid  corrections,  span 
and  calibrate  at  the  same  flow  rates  used 
to  analyze  the  test  samples.  Span  gases 
should  have  concentrations  equal  to  ap¬ 
proximately  80  percent  of  each  range 
used.  If  gain  has  shifted  significantly  on 


the  CO  or  COa  analyzers,  check  tuning. 
If  necessary,  check  calibration.  Respan 
at  least  at  end  of  test  but  not  less  than 
once  per  hour.  Show  actual  concentra¬ 
tions  on  chart.  Log  gain  readings. 

(4)  Check  zeros;  repeat  the  procedure 
in  subparagraphs  (1)  and  (2)  of  this 
paragraph  if  required. 

(5)  Check  sample  line  temperature 
and  sample  residence  time.  To  check 
sample  residence  time: 

(1)  Introduce  HC  span  gas  into  sam¬ 
pling  system  at  sample  inlet  and  simul¬ 
taneously  start  timer. 

(ii)  When  HC  Instrument  indication 
is  15  percent  of  span  concentration,  stop 
timer. 

(iii)  If  elapsed  time  is  more  than  2.0 
seconds,  make  necessary  adjustments. 

(iv)  Repeat  (i)  through  (iii)  with  CO, 
CO,  and  NO  instruments  and  span  gases. 

(6)  Check  instrument  flow  rates  and 
pressures. 

(7)  The  engine  shall  be  operated  in 
each  operating  mode  until  emission  levels 
have  stabilized  as  Indicated  by  a  con¬ 
stant  instrument  reading  or  recorder 
ouput.  This  stabilized  reading  shall  be 
recorded  and  used  in  calculating  mass 
emission  rates  as  called  for  in  §  87.99. 

(8)  Measure  HC,  CO,  CO;,  and  NOx 
concentrations  of  the  exhaust  sample 
at  the  various  modes  called  for  in  §  87.92. 

(9)  Recheck  zero  and  span  p>oints  at 
the  end  of  the  test  and  also  at  approxi¬ 
mately  one  hour  intervals  during  the 
test.  If  either  has  changed  by  :^.2  per¬ 
cent  of  full  scale,  the  test  shall  be  rerun 
after  instrument  maintenance:  Provided, 
That  if  it  is  impractical  to  repeat  the 
test,  a  correction  based  on  interpolation 
linear  with  time  is  acceptable  for  cor¬ 
rections  within  ±  4  percent. 

(b)  Carbon  balance.  As  a  test  of  rep¬ 
resentative  sample  collection,  a  carbon 
balance  shall  be  calculated  from  air  and 
fuel  flow  data.  This  balance  shall  be 
within  ±5  percent  of  that  calculated 
from  exhaust  gas  constituents  or  the  test 
will  be  invalidated.  Fuel  flow  data  shall 
be  derived  by  measurement  during  the 
test  for  which  emissions  are  to  be  cal¬ 
culated.  Air  flow  data  preferably  is  from 
direct  measurement  but  if  such  measure¬ 
ment  is  impractical,  the  data  shall  be 
taken  from  air  consumption  curves  gen¬ 
erated  for  the  particular  model  of  engine 
under  test. 

(c)  Sample  system  contamination.  (1) 
Care  shall  be  taken  to  avoid  loading  of 
the  sampling  system  with  raw  fuel  dis¬ 
charge  during  engine  starting. 

(2)  When  the  sample  probe  Is  in  the 
exhaust  stream  and  sampling  is  not  in 
process,  a  back  purge  with  air  or  an  inert 
gas  may  be  necessary  to  protect  the  probe 
and  sample  line  from  hydrocarbon 
buildup. 

Check  sample  line  for  contamination 
each  time  the  instrument  zero  and  span 
points  are  checked.  Use  the  following 
procedure  to  check  the  sample  line: 

(1)  Immediately  after  instrument  zero 
and  span  measurements  and  necessary 
adjustments  are  complete.  Introduce  hy¬ 
drocarbon  zero  gas  near  the  sample 
probe.  If  the  instrument  zero  reading  in¬ 
creases  by  more  than  5  percent  of  the 
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scale  in  use  the  sample  line  shall  be 
purged  or  cleaned  as  required,  to  bring 
the  zero  within  limits. 

(ii)  When  the  requirements  of  para¬ 
graph  (c)  (2)  (i)  of  this  section  have  been 
met,  introduce  hydrocarbon  span  gas 
near  the  sample  probe.  If  the  instru¬ 
ment  span  reading  is  different  by  more 
than  ±5  percent  from  the  correct  setting 
for  the  scale  in  use,  the  sample  line  shall 
be  purged  or  cleaned,  as  required  to  bring 
the  span  within  limits. 

§  87.97  Test  run. 

A  test  run  shall  consist  of  operating 
the  engine  in  accordance  with  §  81.92. 
The  engine  shall  be  operated  in  the 
sequence  called  for  under  that  section 
without  intervening  operating  points  un¬ 
less  an  alternate  procedure  is  agreed  to 
in  writing  by  the  Administrator  before 
such  testing  is  conducted. 


§  87.98  Chart  reading. 

Determine  the  HC  CO,  CO2,  and  NOx 
concentrations  of  the  exhaust  sample 
during  the  various  modes  from  the  in¬ 
strument  deflections  or  recordings  mak¬ 
ing  use  of  appropriate  calibration  charts. 
CO  and  COj  measurements  shall  be  con¬ 
verted  to  a  wet  basis  by  multiplying  the 
recorded  concentrations  by  a  conversion 
factor  calculated  in  accordance  with 
good  engineering  practices  for  rich  or 
lean  mixtures  as  appropriate  from  actual 
air  and  fuel  flow  measurements  or  from 
air  consumption  curves  generated  for  the 
particular  model  of  engine  under  test. 

§  87.99  C'aK-ulations. 

(a)  The  final  reported  test  results 
shall  be  computed  by  use  of  the  follow¬ 
ing  formulas: 

(1)  Hydrocarbon: 


HC  pounds/rated  power/cycle- 


Sum  of  the  HC  mas.s/mode  of  ea.  of  the  modes 
Engine  rated  power  (horsepower) 


(2)  Carbon  monoxide: 


CO  pounds/rated  power/cycle ^ 


Sum  of  the  CO  mass/mode  of  each  of  the  modes 
Engine  rated  power  (horsepower) 


( 3 )  Oxides  of  nitrogen : 


Sum  of  the  NO,  mass/mode  of  ea.  of  the  modes 
NO.  pound.s/rated  power/cycle - ^EliShiTrated  powef^s^^wir) 


(b)  The  pollutant  mass  per  mode  shall 
be  computed  by  use  of  the  following 
formulas: 

(1)  HC  mass/mode=HC  emission  rate 
X  TIM. 


(2)  CO  mass/mode=CO  emission  rate 
X  TIM. 

(3)  NOx  mass/mode=NOx  emission 
rate  x  TIM. 

(c)  The  emission  rates  shall  be  com¬ 
puted  by  use  of  the  following  formulas: 


(1)  HC  omission  rate«v  exhaust  X'lonslty  HCX 

(2)  CO  omission  ratc  =  v  oxhaustXdonslty  COX 

•  NO*  cone 

(3)  NO,  omission  rato=v  oxhaustXdonslty  NO.X-r-rjrrjj^ 


(d>  The  time-in-mode  (TIM)  shall  be 
as  specified  below  (in  minutes) : 


(1)  Taxl/idle  (out) .  12.0 

(2)  Takeoff  _ 0.3 

(3)  Cllmbout _  6.0 

(4)  Approach  _  6.0 

(6)  Taxi/ldle  (in) .  4.0 


(e)  Meaning  of  symbols: 

(1) (i)  HC  mass/mode=Total  mass  of 
hydrocarbons  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.92  and  paragraph  (d)  of 
this  section. 

(ii)  CO  mass / mode = total  mass  of  car¬ 
bon  monoxide  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.92  and  paragraph  (d)  of 
this  section. 

(iii)  NOx  mass/mode = total  mass  of 
oxides  of  nitrogen  emissions  in  pounds 
emitted  during  an  operational  mode  as 
specified  in  §  87.92  and  paragraph  (d)  of 
this  section. 

(2) (i)  HC  emission  rate=pounds/hour 
of  exhaust  hydrocarbons  emitted  in  an 
operational  mode. 


(ii)  CO  emission  rate=p>oimds/hour  of 
exhaust  hydrocarbons  emitted  in  an  op¬ 
erational  mode. 

(iii)  NOx  emission  rate = pounds  hour 
of  exhaust  oxides  of  nitrogen  emitted  in 
an  operational  mexie. 

(3)  V  exhaust = Total  engine  exhaust 
volume  flow  rate  in  terms  of  cubic  feet 
per  hour  at  68°F.  and  760  mm.  Hg  pres¬ 
sure.  V  exhaust  shall  be  calculated  in 
accordance  with  good  engineering  prac¬ 
tices  from  actual  air  and  fuel  flow  meas¬ 
urements  or  from  air  consumption  curves 
generated  for  the  particular  model  of 
engine  imder  test. 

(4)  (i)  Density  HC=Density  of  hydro¬ 
carbons  in  the  exhaust  gas,  assuming  an 
average  carbon  to  hydrogen  ratio  of 
1:1.85,  in  pounds  per  cubic  foot  at  68“F. 
and  760  mm.  Hg  pressure  (0.0359  Ib./cu. 
ft). 

(ii)  Density  CO=Density  of  carbon 
monoxide  in  the  exhaust  gas  in  pounds 
p^r  cubic  foot  at  68°F.  and  760  mm.  Hg 
pressure  (0.0726  Ib./cu.  ft.). 

(iii)  Density  NOx=Density  of  oxides 
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of  nitrogen  in  the  exhaust  gas,  assuming 
they  are  in  the  form  of  nitrogen  dioxide, 
in  pounds  per  cubic  foot  at  68  °F.  and 
760  mm.  Hg  pressure  (0.119  Ib./cu.  ft.). 

(5) (i)  HC  conc.=hydrocarbon  con¬ 
centration  of  the  exhaust  sample  in 
pounds  per  minute  carbon  equivalent, 
i.e.,  equivalent  propaneX3. 

(ii)  CO  conc.=Carbon  monoxide  con¬ 
centration  of  the  exhaust  sample  in 
parts  per  million  by  volume. 

(iii)  NOx  conc.=Oxides  of  nitrogen 
concentration  of  the  exhaust  sample  in 
parts  per  million  by  volume. 

(6)  TIM=Time  in  mode  as  specified 
in  paragraph  (d)  of  this  section  divided 
by  60  to  yield  time  in  mode  in  hours. 

§  87.100  Compliance  with  emission 
standards. 

Compliance  with  each  emission  stand¬ 
ard  shall  be  determined  by  comparing 
the  pollutant  level  to  poimds/rated 
power /cycle  as  calculated  in  accordance 
with  §  87.99;  with  the  applicable  emis¬ 
sion  standard  under  this  part.  The  pol¬ 
lutant  level  for  the  cycle  shall  not  exceed 
the  standard. 

Appendix  A — Instrumentation  (Aircraft 

Gas  Turbine  Engine  Measurements) 

(a)  NDIR  instruments.  Nondispersive  In¬ 
frared  (NDIR)  analyzers  shall  be  used  for 
the  continuous  monitoring  of  carbon  mon¬ 
oxide  and  carbon  dioxide. 

The  KDIR  Instruments  operate  on  the 
principle  of  differential  energy  absorption 
from  parallel  beams  of  infrared  energy.  The 
energy  is  transmitted  to  a  differential  detec¬ 
tor  through  parallel  cells,  one  containing  a 
reference  gas,  and  the  other,  sample  gas.  The 
detector,  changed  with  the  component  to  be 
measured,  transduces  the  optical  signal  to 
an  electrical  signal.  The  electrical  signal  thus 
generated  is  amplified  and  continuously  re¬ 
corded.  The  NDIR  analyzer  used  in  accord¬ 
ance  with  Subpart  H  of  this  part  shall  meet 
the  following  specifications: 

(1)  Response  time  (electrical) .  90  percent 
full  scale  response  in  0.5  second  or  less.  Zero 
drift — Less  thaa  ±1  percent  of  full  scale  in 
2  hours  on  most  sensitive  range.  Span  drift — 
Less  than  ±1  percent  of  full  scale  in  2  hours 
on  most  sensitive  range.  Repeatability — (  1 
percent  of  full  scale.  Noise — Less  than  1  per¬ 
cent  of  full  scale  on  most  sensitive  range. 
Cell  temperature — Minimum  50°  C.  main¬ 
tained  within  ±2°  C. 

(2)  Range  and  accuracy. 

Accuracy  excluding 
Range  interferences 

Carbon  monoxide: 

0  to  100  p.p.m _  ±2  piercent  of  full  scale 

0  to  500  p.p.m-_  ±1  percent  of  full  scale 

0  to  2500  p.p.m. _  ±1  percent  of  full  scale 

Carbon  dioxide: 

0  to  2  percent _  ±1  percent  of  full  scale 

0  to  5  percent _  ±1  percent  of  full  scale 

(3)  All  NDIR  Instruments  shall  be  equip¬ 
ped  with  cells  of  suitable  length  to  measure 
exhaust  concentrations  within  the  ranges  en¬ 
countered  to  the  indicated  accuracy.  Range 
changes  shall  be  accomplished  either  by  the 
use  of  stacked  sample  cells  or  changes  in 
the  electronic  circuitry,  or  both. 

(b)  Total  hydrocarbon  analyser  (1)  Gen¬ 
eral  design  specifications.  The  measurement 
of  total  hydrocarbon  is  made  by  an  analyzer 
using  a  flame  ionization  detector  (FID). 
With  this  type  detector  an  ionization  current, 
proportional  to  the  mass  rate  of  hydrocarbon 
entering  a  hydrogen  flame.  Is  established  be¬ 
tween  two  electrodes:  the  small  current  is 
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measured  by  an  electrometer  amplifier  and 
continuously  recorded. 

The  analyzer  shall  be  fitted  with  a  ccm- 
stant-temperature  oven  housing  the  detector 
and  sample-handling  components.  It  shall 
maintain  temperature  within  ±2*C.  of  the 
set  point,  which  shall  be  within  165*  to 
leS'C. 

The  detector  and  sample  handling  com¬ 
ponents  shall  be  suitable  for  continuous 
operation  at  temperatures  to  200‘C. 

(2)  The  FID  analyzer  used  in  accordance 
with  Subpart  G  of  this  part  shall  meet  the 
following  specifications: 

Response  time  (electrical) — ^90  percent  of 
full  scale  In  0.5  seconds  or  less. 

Noise — ±1  percent  of  full  scale  on  most 
sensitive  range. 

Repeatability — ±1  percent  of  full  scale. 

Zero  drift — Less  than  ±1  percent  of  full 
scale  in  2  hours  on  all  ranges. 

Span  drift — Less  than  ±1  percent  of  full 
scale  In  2  hours. 

Linearity — Response  with  propane  In  air 
shall  be  linear  with  ±2  percent  over  the 
range  of  0  to  2,000  p.pjn.C. 


Accuracy: 

0  to  10  p.p.m.C-. 

0  to  100  p.p.m.C- 


0  to  1,000 
p.p.m.C _ 


0  to  2,000 
p.p.m.C _ 


±5  percent  of  full  scale 
with  propane  cali¬ 
bration  gas. 

±2  percent  of  full  scale 
with  propane  cali¬ 
bration  gas. 

±  1  percent  of  full  scale 
with  propane  cali¬ 
bration  gas. 

1  percent  of  full  scale 
with  propane  cali¬ 
bration  gas. 


(3)  Total  hydrocarbon  analyzer  shall  have 
an  initial  alignment  as  follows: 

(1)  Optimization  of  detector  response,  (a) 
Follow  manufacturer’s  Instructions  for  in¬ 
strument  startup  and  basic  operating  adjust¬ 
ment.  Fuel  shall  be  60  percent  helium,  40 
percent  hydrogen  containing  less  than  2 
p.p.m.C.  hydrocarbon.  Air  shall  be  “hydro¬ 
carbon-free”  grade  containing  less  than  2 
p.p.m.C. 

(b)  Set  oven  temperature  at  160'’±6‘’C. 
and  allow  at  least  one-half  hour  after  oven 
reaches  temperature  for  the  system  to  equili¬ 
brate.  The  temperature  Is  to  be  maintained 
at  set  point  ±2‘C. 

(c)  Introduce  a  mixture  of  propane  In  air 
at  a  propane  concentration  of  about  600 
p.p.m.C.  Vary  the  fuel  fiow  to  burner  and 
determine  the  peak  response.  A  change  In 
zero  may  result  from  a  change  In  fuel  flow; 
therefore,  the  Instrument  zero  should  be 
checked  at  each  fuel -flow  rate.  Select  an 
operating  flow  rate  that  will  give  near  maxi¬ 
mum  response  and  least  variation  In  re¬ 
sponse  with  minor  fuel-flow  variations.  A 
typical  curve  for  response  versus  fuel  flow 
Is  shown  In  the  following  figure. 
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(d)  To  determine  the  optimum  air  flow, 
use  fuel  flow  setting  determined  above  and 
vary  air  flow.  A  typical  curve  for  response 
versus  air  flow  is  shown  In  the  following 
figure: 
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After  the  optimum  flow  settings  have  been 
determined  these  flows  are  to  be  measured 
and  recorded  for  futxire  reference. 

(11)  Oxygen  effect.  Check  the  response  of 
the  detector  with  varied  concentrations  of 
oxygen  In  the  sample  following  the  steps 
outlined  below;  this  test  shall  be  made  with 
oven  temperature  at  the  set  point  and  with 
gas  flow  to  the  detector  at  optimum  condi¬ 
tions,  as  determined  In  paragraph  (b)  (3)  (1) 
of  this  section. 

(a)  Introduce  nitrogen  (N,)  zero  gas  and 
zero  analyzer;  check  zero  using  hydrocarbon- 
free  air;  the  zero  should  be  the  same. 

(b)  The  following  blends  of  propane  shall 
be  used  to  determine  the  effect  of  oxygen 
(0„)  In  the  sample. 

^opane  In  Nj. 

Propane  in  10% ±0.5%  Oa  and  balance  Nj. 

Propane  In  zero  grade  air  (refer  to  87.66 

(c)). 

The  volume  concentration  of  propane  in 
the  mixture  reaching  the  detector  should  be 
about  500  p.pjn.C,  and  the  concentration  of 
both  the  O,  and  hydrocarbon  should  be 
known  within  ±1  percent  of  the  absolute 
value.  The  zero  shall  be  checked  after  each 
mixture  is  measured.  If  the  zero  has  changed 
then  the  test  shall  be  repeated. 

The  response  to  propane  In  air  shall  not 
differ  by  more  than  3  percent  from  the  re¬ 
sponse  to  propane  In  the  10  peroent-0</90 
percent-N,  mixture,  nor  differ  by  more  than 
5  percent  from  the  response  to  propane  In 
nitrogen. 


The  difference  between  the  response  to  pro¬ 
pane  In  nitrogen  and  response  to  propane  In 
diluent  containing  10  percent  O,  shall  not 
exceed  2  percent.  If  the  2  percent  specification 
cannot  be  met  by  changing  the  sample  flow 
rate  or  burner  parameters,  such  as  air  and/or 
fuel-flow  rate,  the  detector  shall  be  modi- 
fled  or  replaced. 

(ill)  Linearity  and  relative  response. 

(a)  With  analyzer  optimized  in  accordance 
with  paragraph  (b)(3)(l)  of  this  section, 
the  instrument  linearity  shall  be  checked  for 
the  ranges  covering  the  range  of  analysis 
using  propane  in  air  at  nominal  concentra¬ 
tions  of  30,  60,  and  90  percent  full  scale  of 
each  range.  The  deviation  of  a  best-fit  curve 
from  a  least-squares  best-fit  straight  line 
should  not  exceed  2  percent  of  the  value  at 
any  point.  If  this  specification  is  met,  con¬ 
centration  values  may  be  calculated  by  use 
of  a  single  calibration  factor.  If  the  deviation 
exceeds  2  percent  at  any  point,  concentration 
values  shall  be  read  from  a  calibration  curve 
prepared  during  this  alignment  procedme. 

(b)  A  comparison  of  response  to  the  differ¬ 
ent  classes  of  compounds  shall  be  made  using 
(individually)  propylene,  toluene,  n-hexane, 
and  propane,  each  at  20  to  60  p.p.m.C  concen¬ 
tration  In  air.  If  the  response  to  propylene, 
toluene  or  n-hexane  differs  by  more  than  5 
percent  from  the  response  to  propane,  check 
Instrument  operating  parameters.  Reducing 
sample  flow  rate  Improves  uniformity  of 
response. 

(c)  Oxides  of  nitrogen  analytical  system. 
The  chemiluminescence  method  utilizes  the 
principle  that  nitric  oxide  (NO)  reacts  with 
ozone  (Oj)  to  give  nitrogen  dioxide  (NO„l 
and  oxygen  (O,) .  Approximately  10  percent  of 
the  NO,  is  electronically  excited.  The  transi¬ 
tion  of  excited  NO,  to  the  ground  state  yields 
a  light  emission  (600-2600  nanometer  region) 
at  low  pressures.  The  detectable  region  of 
this  emission  depends  on  the  PM-tube/op- 
tical  filter  being  used  In  the  detector.  The 
Intensity  of  this  emission  is  proportional  to 
the  mass  flow  rate  of  NO  into  the  reactor. 
The  light  emission  can  be  measured  utilizing 
a  photomultiplier  tube  and  associated 
electronics. 

(1)  The  method  also  utilizes  the  principle 
that  the  thermal  decomposition  of  NO,  i.e., 
(2N0,-»2N0+0,),  is  complete  at  about 
600*C.  The  rate  "constant  for  the  dissociation 
of  NO,  at  600‘'C.  is  approximately  10*  (liters 
mole-second).  A  6-foot  length  of  one-eighth 
Inch  outside  diameter,  0.028  inch  wall  thick¬ 
ness,  flawless  stainless  steel  tubing  resistance 
heated  using  a  low  voltage,  high  current 
power  supply  to  a  temperature  of  650'’C. 
provides  sufflcient  residence  time  at  a  sam¬ 
ple  flow  rate  of  700  cc.  per  minute  (1.5 
c.f.h.)  for  essentially  complete  conversion 
of  nitrogen  dioxide  to  nitric  oxide.  Other 
converter  designs  may  be  used  If  shown  to 
yield  equivalent  results. 

(2)  The  method  permits  continuous  mon¬ 
itoring  of  NOx  concentrations  over  a  wide 
range.  Response  time  (2  to  4  sec.  is  typical) 
is  primarily  dependent  on  the  mechanical 
pumping  rate  at  the  operating  pressure  of 
the  reactor.  The  following  figure  is  a  flow 
schematic  illustrating  one  configuration  of 
the  major  components  required  for  the  oxides 
of  nitrogen  analytical  system. 
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OXIDES  OF  HITROGEX  ilALrCICAL  SISTEM 

Appendix  B — ^Instrumentation  (Aircraft 
Piston  Engine  Measurements) 


(3)  The  oxides  of  nitrogen  analyzer  used 
In  accordance  with  Subpart  Q  of  this  part 
shall  meet  the  following  specifications: 

Response  time  (electrical) — 90  percent  of 
full  scale  In  0.6  seconds  or  less. 

Noise — Less  than  1  percent  of  full  scale. 

Repeatability — ±  1  percent  of  full  scale. 

Zero  drift — Less  than  ±1  percent  of  full 
BCEile  In  2  hours. 

Span  drift — Less  than  ±1  percent  of  full 
scale  In  2  hours. 

Linearity — Linear  to  within  ±2  percent  of 
full  scale  on  all  ranges. 

AccurEu:y — ±1  percent  of  full  scale  on  all 
scEdes. 

(d)  The  dynamometer  test  stand  and  other 
Instruments  for  measurement  of  power  out¬ 
put  and  the  fuel  flow  measurement  Instru¬ 
mentation  In  accordance  with  Subpart  O 
of  this  part  shall  be  accurate  to  within  ±2 
percent  at  all  power  settings. 


(a)  The  NDIR  analyzers  used  for  continu¬ 
ous  monitoring  of  carbon  monoxide  and  celt- 
bon  dioxide  In  accordance  with  Subpart  I 
of  this  pEirt  shall  meet  the  following  specifi¬ 
cations: 

(1)  Response  time  (electrlcEd — 90  percent 
full  scale  response  In  0.5  second  or  less. 
Zero  drift — Less  than  ±1  percent  full  scale 
In  2  hours  on  most  sensitive  range.  Span 
drift — Less  than  ±1  percent  of  full  scale  in 
2  hours  on  most  sensitive  range.  Noise — Less 
than  1  percent  of  full  scale  on  most  sensitive 
range. 

(2)  Range  and  Eiccuracy: 

Range  Accuracy  excluding 

CELTbon  monoxide,  interferences 

0-12  percent _  ±  1  percent  of  full  scale. 

Carbon  dioxide,  0- 

16  percent _ ±  1  percent  of  full  scale. 


(b)  The  FID  analyzer  used  for  measure¬ 
ment  of  hydrocEirbons  in  EtccordEmce  with 
Subpart  I  of  this  part  shall  meet  the  follow¬ 
ing  sjieclfications: 

Response  time  (electrical) — 90  percent  of 
full  scale  in  0.5  seconds  or  less. 

Noise — ±1  percent  of  full  scEile  on  most 
sensitive  range. 

Repeatability — ±1  percent  of  full  scale. 

Zero  drift — Less  than  ±1  percent  of  full 
scale  In  2  hours  on  sdl  riuiges. 

Span  drift — Less  than  plus  or  minus  of 
full  scale  In  2  hours. 

LineEirity — Response  with  propane  in  air 
shall  be  linear  with  ±2  percent  over  the 
range  of  0  to  20,000  p.p.m.C. 

Accuracy: 

0  to  100  p.p.m.C -  ±5  percent  of  full  scale 

with  propane  cali¬ 
bration  gas. 

0  to  1,000  p.p.m.C _  ±2  percent  of  full  scale 

with  propane  cali¬ 
bration  gas. 

0  to  10,000  p.p.m.C-  ±1  percent  of  full  scale 
with  propane  cali¬ 
bration  gas. 

(c)  The  oxides  of  nitrogen  Einalyzer  used 
for  measurement  of  oxides  of  nitrogen  in 
accordEuice  wltl^  Subpart  I  of  this  part  shall 
meet  the  following  specifications: 

Response  time  (electrical) — 90  percent  of 
full  scale  in  0.5  second  or  less. 

Noise — Less  than  1  percent  of  full  scale. 

Repeatability — ±1  percent  of  full  scale. 

Zero  drift — ^Less  than  ±1  percent  of  full 
scale  in  2  hours. 

Span  drift — Less  than  ±1  percent  of  full 
scale  in  2  hours. 

Linearity — Linear  to  within  ±  2  percent  of 
full  scale  on  elII  ranges. 

Accuracy — ±1  percent  of  full  scEile  on  elII 
scales. 

(d)  The  dynEunometer,  test  stand,  and 
other  instruments  for  meEisurement  of  power 
output  and  air  and  fuel  flow  meEisurement 
instrumentation  in  accordEince  with  SubpEirt 
I  of  this  pEirt  shall  be  Eu:curate  to  within 
±2  percent  at  all  power  settings. 

[FR  Doc.73-14493  Filed  7-16-73;8:45  am] 
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